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1. Diagram of floating bioassay container 68
ABSTRACT
Bionomic data were collected to evaluate Romanomermis 
culicivorax as a biocontrol agent of larval mosquitoes in Louisiana 
ricelands. In laboratory studies, the ability of R_. culicivorax 
preparsites to infect Psorophora columbiae larvae substantially 
decreased after hosts were approximately 28 hr old. Parasitism at 
typical Louisiana rice field temperatures of 26, 29, and 32 ± 0.5°C 
showed a significant linear decrease (P<0.01) as the percentage of 
older larval instars increased at the times of exposure. These data 
emphasized the need for a synchronous field application of 
preparasites to challenge the rapidly developing early instars of 
Ps. columbiae. Based on those data, applications of postparasites 
to potential mosquito breeding habitats offer greater flexibility in 
larval mosquito control programs.
A floating bioassay container, constructed of plastic pipe, 50 
mesh screening, and 8 oz (0.24 liter) sample bottles, was developed 
to evaluate II. culicivorax postparasites in irrigated agricultural 
land. Applications of postparasites applied at dosage rates of
0.025 and 0.05 g/.mz resulted in the establishment, recycling, and 
overwintering of II. culicivorax in a riceland habitat in southern 
Louisiana. Infection rates ranged from 0 to 54.1% during the 22 
month study. There was no significant differences (P>0.05) between 
dosage rates among the plots and parasitism of P£. columbiae larvae 
held in the bioassay containers.
Depth of oviposition by R. culicivorax was determined by using
viil
soil cores previously inoculated with postparasites. Romanomermis 
culicivorax was found to primarily oviposit in the uppermost 2 cm of 
rIceland soil.
Effects of aerially applied riceland agrichemicals upon R. 
culicivorax postparasites were determined at 2 and 25 days 
posttreatment. At 2 days posttreatment, nematode mortalities ranged 
from 0 to 11.4% with fentin hydroxide responsible for the highest 
percentage. Fertilizers were significantly (P<0.01) more toxic to 
the nematode than insecticides at 2 and 25 days posttreatment. 
Approximately 80 to 84% of the surviving females, previously exposed 
to insecticides as postparasites, were gravid at 25 days 
posttreatraent; there was only one agrichemical treatment lower, 
ammonium sulfate-P-K fertilizer at 79.0%. Subsequent generation 
preparasites were able to cause >67% parasitism in Culex 
quinquefasciatus; the only exception occurred with urea at 25.9%.
ix
Evaluation of Romanomermis culicivorax as a i/?/
Biocontrol Agent of Larval Mosquitoes in Louisiana Ricelands—  —
INTRODUCTORY OVERVIEW
Irrigated lands associated with rice production represent an 
important source of mosquito breeding habitats in central gulf 
states and California. Irritation and annoyance, blood loss, 
reduced public recreational activity, loss in marketable yield of 
livestock, and the potential of disease pathogen transmission 
contribute to the total impact that riceland mosquitoes have on the 
health and comfort of man and animals. In order to develop an 
integrated pest management program for riceland mosquitoes, every 
prospective control strategy should be investigated as to its 
applicability in the overall program. One such strategy that has 
been proposed for several years is the use of the mermithid 
nematode, Romanomermis culicivorax Ross and Smith (=Reesimermis 
nielseni Tsai and Grundman).
An extensive bibliographical overview of II. culicivorax has 
been published (Anonymous 1980). In summary, R. culicivorax is a 
obligatory parasite of mosquito larvae.
—  This research represents a cooperative effort between the State 
Agricultural Experiment Station of Arkansas, California, 
Louisiana, Mississippi and Texas and the Agricultural Research 
Service, USDA as a part of the USDA/CSRS Southern Regional 
Project S-122 on the Biology, Ecology and Management of Riceland 
Mosquito Management is to supply information about the biological 
and ecological nature of riceland agroecosystems and man's 
influence on these systems as it pertains to mosquito population 
dynamics.
—  This manuscript follows the styles of the Journal of Nematology 
and the Journal of the American Mosquito Control Association.
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It has shown promise as a potential biological control agent 
suitable for use in an integrated pest management program for 
riceland mosquito control. The fact that its life cycle, range of 
host susceptibility, and mass rearing procedures have been 
determined, makes it a likely candidate for an IPM program. Egg 
incubation generally lasts about 7 days, and the preparasite must 
locate a suitable host within 1 to 2 days. After penetration into a 
larval mosquito, the nematode remains in a parasitic condition for 
approximately 8 days while feeding on the host's body fluids. 
Subsequently the host dies after emergence of the parasite. The 
free living postparasite molts to the adult stage within 2 wk, 
mates, and the female begins oviposition (Petersen et al. 1968). 
Under laboratory conditions, R. culicivorax can complete its life 
cycle in 4 wk. This nematode appears to be host-specific to 
mosquito larvae with little or no parasitism on other aquatic 
invertebrates (Ingnoffo et al. 1973).
Romanomermis culicivorax was first collected from woodland pool 
samples in Louisiana (Petersen et al. 1968). Early research efforts 
were used to develop application techniques for the preparasitic 
stage of the nematode. Later, the versatility of postparasitic 
applications to riceland areas was noted when Westerdahl et al.
(1979, 1982) reported successful Infection of riceland mosquito 
larvae, recycling of subsequent generations, and eventual 
overwintering of the nematode in California rice fields. Due to the 
marked differences in rice production systems between California and 
Louisiana, similar studies should be conducted in ricelands typical 
of Louisiana. In addition, data are needed to determine how the
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common practice of field rotation, i.e., from rice field to fallow 
field and vice versa, affects the survival and infectivlty of _R. 
culicivorax.
Laboratory evaluations of the relative susceptibility of 
preparasites to selected pesticides used in mosquito control 
programs indicated that R.. culicivorax was more susceptible to 
chlorpyrifos and the least susceptible to malathion (Winner and 
Steelman 1978). Field studies are needed to expand this data base 
relative to short term deleterious effects of riceland pesticides 
and fertilizers on postparasites and adults and long term impact on 
successive developmental stages to include progeny.
Studies in California indicate that most II. culicivorax are 
found in the uppermost 5 cm stratum of riceland type soil (Washino 
and Westerdahl 1981). Due to the differences between soil types in 
California and Louisiana ricelands, data are needed that are 
applicable to soil typically found in the gulf coast ricelands.
More bionomic data are needed on soil inhabiting behavior of the 
-postparasites and adults of R. culicivorax as it relates to depths 
of egg deposition in soil strata since riceland soil is subjected to 
tillage and land leveling which may influence survival of these life 
developmental stages.
In reviewing the published research on the biology and ecology 
of II. culicivorax, some gaps remain in our overall knowledge. As 
indicated, an even greater demand for data exists relative to 
practical field application and assessment of its performance. For 
these reasons, the following objectives were established in the 
proposed study.
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1. Determine the susceptibility of Ps. columbiae larvae over 
time to parasitism by It. culicivorax.
2. Determine the seasonal infection rates of sentinel
_P. columbiae larvae by It. culicivorax in riceland plots.
3. Determine the location of It. culicivorax oviposition in 
Louisiana riceland soil strata.
4. Evaluate the ability of jt. culicivorax to survive and 
reproduce when subjected to crop rotation in a productive 
rice field to a fallow condition.
5. Determine the effects of commonly applied riceland 
agrichemicals on R. culicivorax.
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SUSCEPTIBILITY OF PSOROPHORA COLUMBIAE LARVAE OVER TIME TO 
PARASITISM BY ROMANOMERMIS CULICIVORAX
ABSTRACT
The ability of Romanomermis culicivorax preparasites to 
penetrate and infect Psorophora columbiae substantially decreased 
with host age after approximately 28 hr. Parasitism at temperatures 
typical of Louisiana rice fields (i.e., 26, 29, and 32 ± 0.5 C) 
showed a significant linear decrease (P<0.01) as the percentage of 
older larval instars increased at the times of exposure. These data 
emphasize the need for a synchronous field application of 
preparasites to challenge the rapid development of early instars of 
P s . columbiae. Applications of postparasites to potential mosquito 
breeding habitats may offer greater flexiblity in larval mosquito 
control programs. Key words: Romanomermis culicivorax, nematode, 
Psorophora columbiae, mosquitoes, parasitism, temperature, age.
INTRODUCTION
The dark rice field mosquito, Psorophora columbiae (Dyar and 
Knab) is a major pestiferous species in the ricelands of the 
southern United States. Occasional natural populations of Ps. 
columbiae have been found to be heavily parasitized by a mermithid 
nematode, Romanomermis culicivorax Ross and Smith, at ambient 
summer temperatures (10).
In comparison to other mosquitoes species, Ps. columbiae has a 
very brief developmental period. Horsfall (3) reported that under 
field conditions with average water temperatures between 29-35 C, 
the larval development of £s. columbiae can be completed In 4
9
days; McHugh and Olson (5) reported that at 34 C under laboratory 
conditions development from egg ecloslon to 50% adult emergence 
required only 4.5 days.
Due to the rapid developmental period of Ps. columbiae, larval 
susceptibility to infection by R.. culicivorax may be limited. 
Laboratory studies established that first and second instars of 
Culex quinquefasciatus Say were highly susceptible to infection by 
preparasites of R. culicivorax whereas third and fourth instars were 
considerably less susceptible (8, 11). However, exposure of mixed 
larval stages to preparasites of _R. culicivorax resulted in 
significantly lower (P 0.05) levels of parasitism in first instars 
than in second and third and about the same as fourth instars (8). 
Similar results were found in the field when mixed instars of 
natural populations of Anopheles were treated (9, 12). Also, the 
preparasites are short lived and their ability to infect Cx. 
quinquefasciatus decreased after 24 hr of age (7). Preparasites 
were found to be infective between 12-33 C, with optimum infectivity 
between 21-33 C (2).
Because of the rapid larval development of p£. columbiae during 
the summer months when ambient temperatures are above 29 C, reduced 
susceptibility in older larval instar, and the short time that II. 
culicivorax remains infective, it becomes extremely difficult to 
synchronize hatch of Ps. columbiae eggs with the introduction of R. 
culicivorax to achieve an optimum host-parasite interaction.
This study was designed to investigate this host-parasite 
interaction in terras of quantitatively defining the period of
10
greatest susceptibility to infection by It. culicivorax relative to 
the age of Ps. columbiae larvae.
MATERIALS AND METHODS 
Psorophora columbiae eggs were collected from wild females 
trapped in Jefferson Davis Parish, LA. The eggs were hatched in a 
suspension of powdered Bacto nutrient broth (Difco Laboratories 
Inc.) and well water at a dilution of 1:1000 by weight (6). During 
each hatching procedure the suspension was maintained at a 
temperature equivalent to that used in the eventual test. The 
temporal relationship between larval development and nematode 
infection was studied at constant temperatures of 26, 29, and 32 ±
0.5 C. To provide a uniform age structure, only the mosquitoes that 
hatched within the first 2 hr after flooding of the eggs were used. 
Fifty mosquitoes were placed in each of thirty-two 600 ml beakers 
containing 400 ml of well water. The mosquito larvae were fed in a 
manner described by McHugh and Olson (5), and subjected to a 12L:12D 
photoperiod (14). Psorophora columbiae larvae were exposed to R. 
culicivorax at designated time periods which corresponded to larval 
developmental rates (5). Instar composition of the larval 
population was determined by larval head capsule width at each 
exposure period prior to inoculation. Preparasitic nematodes for 
each treatment were obtained by taking aliquots of sand containing
II. culicivorax eggs from culture pans supplied from a mass rearing 
facility located at the USDA-ARS Gulf Coast Mosquito Research 
Laboratory at Lake Charles, LA. Twelve hours prior to the treatment 
of the mosquito larvae, the aliquots of sand were flooded with well
11
water at the test temperature to hatch the preparasites.
At each of 8 exposure periods, 4 beakers were randomly 
selected. Three of the beakers were then inoculated with 
preparasites at a 10:1 parasite to host ratio. The fourth beaker 
was handled in the same manner, but was not inoculated. Following 
treatment, the beakers were returned to the incubator for a 24 hr 
period. The beakers were then removed and the mosquito larvae 
concentrated and rinsed in a No. 100 mesh U. S. standard sieve (150 
um openings) to remove any free-swimming preparasites to prevent 
further parasitism. Mosquito larvae were then transferred to enamel 
pans (18 X 30 X 5 cm), reared to the fourth instar at ca 27 C 
ambient temperature, and dissected to determine the extent of 
parasitism.
The resulting infectivity levels from the 3 treated beakers 
were statistically analyzed using a model based upon 3 constant 
temperatures with 8 replications over time for a total of 72 
observations. Data were subjected to analyses of variance using SAS 
general linear models procedure for testing the hypothesis that 
percent parasitisms were equal (13).
RESULTS AND DISCUSSION
The ability of II. culicivorax preparasites to penetrate and 
infect Ps. columbiae larvae sharply decreased with host age after 
approximately 28 hr. At 26 C, parasitism of larvae declined from 
81.5 to 49.0% between 27 and 39 hr (Table 1). At 29 C, parasitism 
decreased from 72.5 to 17.8% for larvae exposed when 24 and 34 hr 
old (Table 2); and at 32 C, parasitism decreased from 36,9 to 11.4%
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TABLE 1. Susceptibility of Psorophora columbiae larvae over time to 
parasitism by Romanomermis culicivorax at a constant water 
temperature of 26 C.— ^
Age structure
Larval by instar No. surviving larvae when %
age (hr) at exposure parasitism determined Parasitism
I II III IV Control Exposed^ (±SE)
1 149 0 0 0 . 45 24 83.0 (6.8)
13.5 145 0 0 0 41 35 91.3 (0.5)
27 137 6 0 0 42 38 81.5 (3.8)
39 72 78 0 0 37 44 49.0 (3.5)
51 24 90 27 0 40 43 39.1 (6.4)
63 8 50 82 0 44. 42 11.3 (4.6)
75 0 30 83 11 42 40 4.3 (1.8)
96 0 6 39 77 46 40 0 (0)
—  Nematode to host inoculation ratio of 10:1.
2 /—  Mean for 3 replications at the termination of tests.
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TABLE 2. Susceptibility of Psorophora columbiae larvae
over time to parasitism by Romanomermis culicivorax 
at a constant water temperature of 29 C.— ^
Age structure
Larval by instar No. surviving larvae when %
age (hr) at exposure parasitism determined Parasitism
I II III IV Control 2/Exposed^- (±SE)
1 150 0 0 0 32 16 58.0(13.3)
12 149 0 0 0 37 27 35.4 (2.1)
24 105 38 0 0 39 35 72.5 (3.2)
34 46 98 0 0 44 42 17.8 (2.5)
44 13 96 - 11 0 36 32 29.5(13.0)
53.5 4 66 82 0 31 44 2.8 (1.8)
63 1 49 86 0 41 41 1.5 (1.5)
82.5 0 7 42 35 32 24 1.6 (1.6)
—  Nematode to host inoculation ratio of 10:1.
2/—  Mean for 3 replications at the termination of tests.
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for larvae exposed when 28.5 and 35 hr old (Table 3).
Parasitism showed a significant linear (P<0.01) decrease from 
newly hatched first instar to the oldest larval age class (Table 4). 
There was a significant (P<0.01) temperature x time Interaction 
which indicated that each temperature treatment needs to be 
considered separately. The first and second lnstars of Ps. 
columbiae were more susceptible to infection than the third and 
fourth instars. This was consistent with the findings of Petersen 
(8) and Petersen and Willis (11). The levels of parasitism were low 
at 32 C compared to the other two temperatures, suggesting that this 
temperature may have been detrimental to nematodes by shortening 
their period of infectivity. The temperature of 33 C has been 
reported as the upper infectivity threshold for this nematode (2).
Some premature mortality appeared to have resulted from R. 
culicivorax infection of Ps. columbiae, as the control generally had 
a higher survivorship to the fourth instar (Tables 1, 2 and 3). 
Mortality was higher in hosts exposed at 1 hr of age in all three 
tests and was proportionately higher in host populations producing 
the higher levels of parasitism. These findings agree with those of 
Kurihara (4). Furthermore, some of the variability in parasitism 
rates in the younger age classes may have resulted from premature 
death of superparasitized larval hosts, thus resulting in the lower 
reported levels of parasitism.
The practical application of these data for operational 
mosquito control agencies is that preparasitic inoculations of II. 
culicivorax to mosquito breeding habitats is not the method of 
choice. Early research efforts emphasized the application of
15
TABLE 3. Susceptibility of Psorophora columbiae larvae
over time to parasitism by Romanomermis cullcivorax
at a constant water temperature of 32 C.— ^
Larval
Age structure 
by instar No. surviving larvae when %
age (hr) at exposure parasitism determined Parasitism
I II III IV 2/Control Exposed^1 (-SE)
1 150 0 0 0 39 30 19.1 (5.9)
11 149 0 0 0 46 43 30.3 (4.7)
22 101 46 0 0 45 40 36.2 (7.8)
28.5 56 96 0 0 50 44 36.9 (1.8)
35 20 105 13 0 47 44 11.4 (2.1)
43.5 9 57 68 0 48 44 3.8 (2.0)
52 3 21 96 7 43 39 5.2 (2.7)
71 0 5 29 92 46 41 0.7 (0.7)
—  Nematode to host inoculation ratio of 10:1.
—  Mean for 3 replications at the termination of tests.
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TABLE 4. Analyses of variance evaluating the susceptibility of
Psorophora columbiae larvae over time to parasitism by 
Roroanomermis culicivorax.— ^
Source df MS F
Time 7 0.5544 68.48**
Temperature 2 0.4506 55.66**
Temperature X Time 14 0.0738 9.12**
Linear Through Time 
within 26 C 1 2.7295 337.14**
within 29 C 1 1.0292 127.13**
within 32 C 1 0.2537 31.33**
Error 48 0.0081
** p<Q.01
preparasites because this stage was easy to apply by conventional 
ground equipment and yielded immediate parasitism of presently 
available mosquito larval populations. However, there are several 
biological restraints that must be considered when using 
preparasites in the initial application. The primary consideration 
is that preparasites must be applied to standing water, coupled with 
the presence of first or second instars of mosquitoes to serve as 
hosts. The ephemeral preparasites and the brief period of maximum 
susceptibility of early instars, particularly Ps. columbiae, demands 
a rigid and synchronous application period in order to attain best 
results. These criteria severely inhibit mosquito control 
operations from using preparasites for the controls of flood water 
mosquitoes. In addition, it is difficult to detect freshly emerged 
larval populations and subsequently hatch the infective preparasite 
for treatment of breeding habitats and remain within the brief 28 hr 
period in which early instars are most susceptible, Andis et al.
(1) have shown that the 475 ml dipper, the standard surveillance 
method used to detect the presence of mosquito larvae, is an 
inadequate tool for the detection of first and second instar Ps. 
columbiae.
The application of postparasites offers more versatility in the 
treatment schedule of mosquito breeding habitats. The postparasites 
do not require immediate application, as is required by preparasites 
newly emerged from the egg. Secondly, the habitat need not be 
flooded at the time of postparasitic application. Postparasites are 
able to continue maturation both in the aquatic ecosystems and when
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applied to moist soil habitats. However, in the moist soil 
environment, the mature eggs of It. culicivorax will remain unhatched 
until the habitat is flooded, thus synchronizing the egg hatch of 
both the parasite and the host.
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SUSCEPTIBILITY OF ROMANOMERMIS CULICIVORAX POSTPARASITES 
TO AGRICHEMICALS USED IN LOUISIANA RICE PRODUCTION
ABSTRACT
Susceptibility of Romanomermis culicivorax postparasites to 
riceland agrichemicals was evaluated during 1983. Mortality rates 
were determined at 2 and 25 days posttreatment. Percentages of 
gravid females at 25 days posttreatment and the infectivity of 
subsequent progeny were assessed. Nematode mortalities for all 
agrichemicals at 2 days posttreatment ranged from 0 to 11.4% with 
fentin hydroxide + urea responsible for the highest percentage. 
Fertilizers, in general, were significantly (P<0.01) more toxic to 
nematodes at 2 and 25 days posttreatment than were insecticides. 
Carbofuran and methyl parathion produced <1% mortalities at 2 days 
and <5% mortalities at 25 days posttreatment with the control having 
mortalities of <1% and <6%, respectively. Approximately 80 to 84% 
of the surviving females, previously exposed to insecticides as 
postparasites, became gravid at 25 days posttreatment; there was 
only one agrichemical treatment lower, ammonium sulfate-P-K 
fertilizer at 79.0%, Infectivity of the subsequent F^ generation 
preparasites were able to cause >84% parasitism in Culex 
quinquefasciatus larvae, except for urea + N-P-K fertilizer (72.8%), 
urea (25.9%), carbofuran (76.4%), 2,4-D (70.9%), and fentin 
hydroxide (67.4%).
INTRODUCTION
The successful incorporation of the mermithid nematode 
Romanomermis culicivorax Ross and Smith, a parasite of mosquito
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larvae, into an integrated pest management program for riceland 
mosquitoes depends on its ability to complete its life cycle and 
reproduce without continual reapplication. One factor that poses a 
threat to the natural cycling of this nematode is the inherent 
application of pesticides and fertilizers in the riceland 
agroecosystem. Research data are available on the susceptibility of 
R. culicivorax preparasites to various agrichemicals^ (Mitchell et 
al. 1974, Levy and Miller 1977, Brown and Platzer 1978, Winner and 
Steelman 1978). In contrast, there is only limited research on the 
susceptibility of other stages of this nematode species. Dhillon 
and Platzer (1978) reported benomyl appeared to have nematicldal 
properties against the postparasitic stage of R. culicivorax, and 
Washino and Kerwin (1983) incriminated molinate as having adverse 
effects on the postparasites.
Susceptibilities of soil inhabiting nematodes to several 
herbicides and fertilizers have been investigated. Ishibashi et al. 
(1983) evaluated the herbicides chlormethoxynil (=chlomethoxyfen) 
and thiobencarb + simetryn and found that they decreased populations 
of soil surface monochid nematodes found in rice fields. Walker 
(1971) reported that populations of Pratylenchus penetrans (Coff) 
Filipjev and Shuurmans-Stelchoven, a plant lesion nematode, decreased 
after applications of nitrate, nitrite, organic nitrogen, and 
ammonium compounds. In comparison, Brown and Platzer (1978) 
reported in preliminary studies that adults of JR. culicivorax were
~  Common names of agrichemicals listed herein are found in C. R.
Worthing (ed.) 1983. The Pesticide Manual, A World Compendium
(7th ed.). Lavenham Press Ltd. Lavenham, U. K. 695 pp.
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more tolerant of inorganic ions, such as potassium, sulfate, 
nitrate, nitrite, and phosphate, than preparasites.
This study was designed to assess, in part, the feasibility of 
using R. culicivorax as a viable component of an Integrated pest 
management program in the riceland agroecosystem by exposing 
postparasites to commercially applied rice field agrichemicals in 
Louisiana to determine their susceptibility coupled with an 
assessment of the infectivity of their progeny into Culex 
quinquefasciatus Say larvae.
MATERIALS. AND METHODS
To provide a pragmatic evaluation of the toxicological effects 
of rice field agrichemicals on _R. culicivorax postparasites, tests 
were conducted during field applications that were inherent in 
commercial rice production in Louisiana. Under these circumstances, 
it was not always feasible to evaluate each individual pesticide or 
fertilizer. In order to economize rice production costs, rice 
farmers often combine agrichemicals into one application. However, 
there were instances when a single application of an agrichemical 
was made during the rice growing season and efforts were made to 
evaluate those.
During the 1983 rice growing season, 11 aerial applications 
were conducted involving 11 individual or mixed agrichemicals that 
included: fertilizer (NH^.)2SO^, K2° at 36.3, 36.3, 36.3 kg
Al/ha; fertilizer CO(NH2)2 at 50.4 kg Al/ha + NH^NO^ P2C>5 , K20 at 
33.6, 67.2, 33.6 kg Al/ha; fertilizer (NH^)2S0^ at 23.5 kg 
Al/ha; fertilizer CO{NH2)2 at 50,4 kg Al/ha; carbofuran at 0.6 kg 
Al/ha; methyl parathion at 0.6 kg Al/ha; 2,4-D at 0.5 kg Al/ha;
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benomyl at 0.6 kg Al/ha; fentin hydroxide at 0.5 kg Al/ha; fentin 
hydroxide at 0.3 kg AX/ha + elemental sulfur at 0.4 kg Al/ha; and 
fentin hydroxide at 0.3 kg Al/ha + CCKNI^^ at 105.4 kg Al/ha.
Twenty-four hours prior to each test approximately 5 days old 
postparasites were obtained from the USDA-ARS Gulf Coast Mosquito 
Research Laboratory in Lake Charles, LA. Aliquots of 100 
postparasites (50tftf:50?S) were placed in twelve 600 ml glass beakers 
containing 2 cm of moist medium grade blasting sand approximately 12 
hr prior to treatment to allow time for the nematodes to burrow and 
prevent desiccation. The beakers were covered with aluminum foil 
and placed in 0.95 liter plastic soft drink cartons. The cartons 
were transferred to and from the field tests in a 45.5 liter 
insulated chest. Immediately preceding the individual field tests, 
each beaker was filled with 350 ml of well water. Two beakers were 
withheld from the agrichemical application as controls. Ten beakers 
were placed in styrofoam floats (27 X 40 X 2.5 cm) and randomly 
placed throughout the rice field. Aerial applications of the 
riceland agrichemicals were made using Grumman AgCat aircraft. Each 
pesticide and fertilizer was applied according to rates and 
specifications printed on the label.
Approximately 24 hr posttreatment, the beakers were collected 
from the fields and excess surface water was removed from the 
beakers prior to transport to the laboratory. After 2 days 
posttreatment, the nematodes were separated from the sand using a 
procedure modified from Seinhorst (1956).
The beaker's contents were flushed into a 2 liter stainless 
steel pitcher filled with tapwater and gently agitated to suspend
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the nematodes in the water. The nematodes were collected on a Ho. 
320 U.S. Standard sieve (45 um openings). This procedure was 
replicated 3 times to enhanced recovery of the nematodes from the 
sand. The nematodes were then separated by sex and percent 
mortalities were recorded.
In order to evaluate long term toxicological effects on J*. 
culicivorax, the recovered nematodes from each beaker were placed in 
29.6 ml plastic jelly cups that contained 1 cm of moist blasting 
sand. The cups were sealed with paper caps and Parafilm® and 
incubated at 28 ± 0.5°C. Five of the 10 treated nematode cups and 
one of the 2 untreated check cups were randomly selected to monitor 
nematode mortality over a 25 days period. Intermediate readings of 
mortality were made at approximately 5 days intervals beginning with 
the 2 days posttreatment count. Data were kept of the number of 
males and females, percentage of mortality (dead nematodes were 
removed), number of nematodes per developmental stage, and 
percentage of gravid females. The surviving nematodes were place in 
new cups with fresh seals as previously mentioned, and stored again 
in the incubator.
Data were also collected to assess the effects of riceland 
agrichemical treatments on the ability of the JR. culicivorax 
progeny to infect £x. quinquefasciatus larvae. The remaining 6 cups 
of nematodes were held undisturbed for 12 wk to allow sufficient 
time for egg deposition and maturation (Petersen 1975). At the end 
of the incubation period, the contents of each cup were placed in a 
separate enamel pan (18 X 30 X 5 cm) with 1 liter of well water and 
200 first instars of Cx. quinquefasciatus. After 24 hr post­
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exposure the mosquito larvae were removed by pouring the contents of 
each pan through a No. 100 mesh U.S. Standard sieve (150 um opening) 
to prevent further nematode infection. The pan was thoroughly 
washed, refilled with 1 liter of well water, and the mosquito larvae 
were replaced. Mosquito larvae were reared to the fourth instar and 
parasitism was determined by dissection.
Data were subjected to analyses of variance using SAS general 
linear models procedure for testing the hypothesis that the 
percentages of means from the agrichemical treatments were the same 
(SAS 1982).
RESULTS AND DISCUSSION
Results of field tests to determine percent mortalities of JR. 
culicivorax postparasites to riceland agrichemicals are provided in 
Table 1. At 2 days posttreatment, the agrichemicals produced low 
levels of mortalities for postparasitic males and females. Percent 
mortalities ranged from 0 to 11.4% with fentin hydroxide + urea 
responsible for the highest rate. The control had a percent 
mortality of <1%. Mortalities in treatments with carbofuran and 
methyl parathion at 0,6 kg Al/ha were <1%. For each application of 
a pesticide and/or fertilizer, the resultant percent mortalities 
between male and female nematodes were generally similar with the 
only exceptions being 2,4-D, fentin hydroxide + sulfur, and fentin 
hydroxide + urea. The herbicide 2,4-D had a higher female percent 
mortality (2.5%) than males (0.4%). Fentin hydroxide + sulfur 
produced a higher male percent mortality (2.2%) than females (0.2%). 
Similarly, fentin hydroxide + urea application resulted in a 11,4% 
male mortality compared to 1.6% for females.
Table 1, Susceptibility of Romanomermis culicivorax postparasites to Louisiana
rice field agrichemicals (2 days posttreatment), 1983.
Al Percent Mortality— ^
Agrichemicals (kg/ha) Female Male
(n h4)2s o4 , p 2o 5, k 2o 36.3, 36.3, 36.3 1.2 1.2
C0(NH ) + NH NO , P O ,  K 0 50.4 + 33.6, 67.2, 33.6 9.5 9.6
( • n y 2s o 4 23.5 4.4 5.2
c o o r a2)2 50.4 5.3 4.9
Carbofuran 0.6 0 0
Methyl parathion 0.6 0.2 0.6
2,4-D 0.5 2.5 0.4
Benomyl 0.6 0.4 0.4
Fentin hydroxide 0.5 0 0
Fentin hydroxide + Sulfur 0.3 + 0.4 0.2 2.2
Fentin hydroxide + C0(NH„)9 0.3 + 105.4 1.6 11.4
2/Control- — 0.4 0.8
—  ̂Values were back-transformed from transformed data representing the mean of 
10 replications for each treatment.
2/—  The control represents the mean of all treatment controls (2/treatment).
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Analyses of variance evaluating the susceptibilities of It. 
culicivorax postparasites to the agrichemicals are provided in 
Table 2. Romanomermis culicivorax was more susceptible to 
fertilizers applications than the pesticides at 2 days 
posttreatment. There was a highly significant difference (P<0.01) 
between fertilizer and Insecticide percent mortalities. When 
administered individually, insecticide, herbicide, and fungicide 
applications had little or no effect on the postparasitic nematodes. 
The percent mortalities resulting from carbofuran and methyl 
parathion were not significantly different (P>0.05) from each other. 
Mortalities associated with applications of benomyl and fentin 
hydroxide at 0.6 and 0.5 kg Al/ha, respectively, were not 
significantly different (P>0.05) from each other. Fentin hydroxide 
and benomyl applied alone resulted in no mortality for both females 
and males relative to the control.
At 25 days posttreatment, riceland agrichemicals continued to 
exert toxicological effects on R. culicivorax nematodes (Table 3). 
Percent mortality for each agrichemical Increased from the 2 days 
reading; however, the general trend, relative to the toxicities of 
each chemical, remained the same as at 2 days posttreatment.
The highest mortalities for females and males of the nematode 
occurred in treatments with a mixture of urea + N-P-K fertilizer 
(33.4% for females and 35.1% for males). When ammonium sulfate was 
individually applied to the rice field, the females had 24.3% 
mortality and the males had 20.7%. Fentin hydroxide + sulfur and 
fentin hydroxide + urea caused 20.6 and 27.5% mortalities, 
respectively, among the male nematodes but had mortalities for the
Table 2. Analyses of variance evaluating the mortality of Romanomermis
culicivorax postparasites exposed to Louisiana rice field agrichemicals
(2 days posttreatment), 1983-^.
Female Male
Source df MS F df MS F
Agrichemicals 11 0.0863 10.36** 11 0.1280 15.60**
Contrast
Control vs. agrichemicals 1 0.0613 7.35** 1 0.0673 8.21**
Fertilizer vs. insecticides 1 0.3473 41.68** 1 0.3652 44.51**
Carbofuran vs. methyl parathlon 1 0.0009 0.11 1 0.0097 1.18
(NH4)2S04 vs CO(NH2)2 1 0.0407 4.88* 1 0.0000 0.00
c o (nh2)2 vs c o (hn2)2 +
nh4n o3, p2o5, k 2o 1 0.0431 5.17* 1 0.0426 5.19*
Fentin hydroxide vs.
fentin hydroxide + CO(NH2)2 1 0.0482 5.78* 1 0.5239 63.86**
Sulfur Chemicals vs
Fentin hydroxide and
c o (nh2)2 + nh4n o3, f 2o5, k 2o 1 0.0824 9.89** 1 0.0024 0.29
Benomyl vs. fentin hydroxide 1 0.0021 0.25 1 0.0041 0.50
Error 119 0.0083 119 0.0082
—  Analyses conducted on transformed values. * F<0.05; ** P<0.01.
Table 3. Survival of Romanomermis culicivorax treated as postparasites to commercially applied 










<nh4)2so4, p2o5, K2° 36.3:,36.3,36. 3 10.5 79.0 9.0
c o (nh2)2+nh4no3 P2°5, K2° 50.4 + 33.6,67. 2,33.6 33.4 --- 35.1
(nh4)2s°4 23.5 24.3 87.6 20.7
CO(NH2)2 50.4 11.8 98.5 9.6
Carbofuran 0.6 4.8 79.6 4.1
Methyl parathion 0.6 2.5 83.8 4.6
2,4-D 0.5 9.0 97.4 2.3
Benomyl 0.6 9.7 97.7 5.7
Fentin hydroxide 0.5 4.3 100 0.4
Fentin hydroxide + Sulfur 0.3 + 0.4 9.6 100 20.6
Fentin hydroxide 
Control— ^






—  Values were back-transformed from transformed data representing Che mean of 5 replications for 
each treatment.
~  The control represents the mean of all treatment controls (1/treatment).
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females of 9.6 and 6.9%, respectively. The insecticides, carbofuran 
and methyl parathion, caused no mortality to the nematodes at 25 
days posttreatment relative to the control. Again, fertilizers in 
general remained significantly (F<0.01) more toxic to the nematodes 
at 25 days posttreatment than were the insecticides. As previously 
mentioned, nitrates, nitrites, phosphates, and potassium ions of 
riceland fertilizers have been incriminated as causing mortality in 
certain soil inhibating nematodes (Walker 1971, Brown and Platzer 
1978) and this may have contributed to the comparatively high 
mortality of R. culicivorax following fertilizer applications.
Unlike the 2 days reading, there were no significant differences ' 
(P>0.05) at 25 days posttreatment for females relative to ammonium 
sulfate vs urea, fentin hydroxide vs fentin hydroxide + urea, and 
sulfur vs fentin hydroxide and urea + N-P-K fertilizer (Table 4).
The percentages of surviving nematode females developing to a 
gravid state 25 days posttreatment exposure to riceland 
agrichemicals as postparasites are provided in Table 3. All of the 
surviving female nematodes treated with the fungicide fentin 
hydroxide alone or in combination with sulfur or urea were able to 
produce eggs within their uteruses. Approximately 80 to 84% of the 
females exposed to insecticide applications of carbofuran and methyl 
parathion, respectively, also developed eggs. Similarly, herbicides 
did not inhibit egg development. The percentage of gravid females 
exposed as postparasites to benomyl and 2,4-D were 97.7 and 97.4%, 
respectively. Gravid females that matured from fertilizer treated 
postparasites ranged from 79.0% for ammonium sulfate fertilizer 
[(NH^^SO^] to 98.5% for urea [COCNI^^] alone.
Table 4. Analyses of variance evaluating the mortality of Romanomermis
culicivorax treated as postparasites to commercially applied Louisiana
rice field agrichemicals 25 days post treatment, 1983^.
Female Male
Source df MS F df MS F
Agrichemicals 11 0.0941 42.53** 11 0.1665 5.35**
Contrasts
Control vs. agrichemicals 1 0.1188 4.58* 1 0.1854 5.96*
Fertilizer vs. insecticides 1 0.4734 18.25** 1 0.2737 8.80**
Carbofuran vs. methyl parathion 1 0.0075 0.29 1 0.0002 0.01
(NHa)2 S04 vs CO(NH3)2 1 0.0663 2.56 1 0.0680 2.19
CO(NH2)2 vs CO(NH2)2 +
n h4n o 3, p 2o 5, k 2o 1 0.2036 7.85** 1 0.2998 9.64**
Fentin hydroxide vs.
fentin hydroxide + CO(NH2)2 1 0.0037 0.14 1 0.6507 20.92**
Sulfur chemicals vs.
fentin hydroxide and
c o (n h2)2 + nh4n o3, p2o5, k 2o 1 0.0168 0.65 1 0.0266 0.86
Benomyl vs. fentin hydroxide 1 0.0213 0.82 1 0.0791 2.54
Error 54 0.0259 54 0.0311
— Analyses conducted on transformed values, * P<0,05; ** P<0.01.
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Analyses of variance evaluating the effects of rice field 
agrichemicals after 25 days on the maturation of II. culicivorax 
females to the gravid state are shown in Table 5. Insecticides were 
significantly different (P<0.05) in terms of having lower 
percentages of female nematodes developing eggs when compared to 
fertilizers. There was also a significant difference (P<0.01) 
between ammonium sulfate and urea fertilizers.
Parasitism of Cx. quinquefasciatus larvae by F^ progeny of R. 
culicivorax, previously exposed as postparasites to commercially 
applied riceland agrichemicals, is shown in Table 6. Percentages of 
parasitism ranged from 25.9% for the urea application to 100% for 
ammonium sulfate-P-K fertilizer. The pesticides did not appreciably 
inhibit the infectivity of preparasites relative to the untreated 
control. The control had a 84.4% level of parasitism. With the 
exceptions of urea + N-P-K fertilizer (72,8%), urea (25.9%), 
carbofuran (76.4%), 2,4-D (70.9%), and fentin hydroxide (67.4%), the 
preparasites were able to cause >84% parasitism in Cx. 
quinquefasciatus larvae.
Nematodes treated with fertilizers exhibited a greater range of 
variability in their infectivity of mosquito larvae. Nematodes 
exposed to urea alone resulted in the lowest level of percent 
parasitism (25.9%). However, when urea was applied in combination 
with a N-P-K fertilizer and with fentin hydroxide, the percent 
parasitism increased to 72.8% and 94.6%, respectively. In contrast, 
the ammonium sulfate-P-K fertilizer treatment resulted in no 
observable inhibition to preparasitic infection (100%) in this test. 
When ammonium sulfate was applied individually some reduction in
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Table 5. Analyses of variance evaluating the effects of Louisiana 
rice field agrichemicals on the maturation of female 
Romanomermis culicivorax to the gravid state when treated 
as postparasites 25 days posttreatment, 1983^.
Source df MS F
Agrichemicals 10 0.1725 10.47**
Contrast
Control vs. agrichemicals 1 0.0004 0.02
Fertilizers vs. insecticides 1 0.0900 5.46*
Carbofuran vs. methyl parathion 1 0.0015 0.09
(n h4)2 so4 vs c o (n h 2)2 1 0.1905 11.56**
Fentin hydroxide vs.
fentin hydroxide + CO(NH2)2 1 0.0000 0.00
Benomyl vs. fentin hydroxide 1 0.0335 2.04
Error 49 0.0165
—  Analyses conducted on transformed values, * P<0.05; ** P<0.01.
Table 6. Parasitism of Culex quinquefasciatus larvae by F^ progeny of
Romanomermis culicivorax adults, previously treated as postparasites, 








(n h a )2so4 , p 2o 5 , k 2,0 36,.3, 36.3, 36.3 5 100.0
c o (n h 2)2 + n h 4n o 3 ,
p 2o 5 , k 2o 50.4 + 33.6, 67 .2, 33.6 4 72.8
(n h 4)2s o4 23.5 4 87.7
C0(HH2)2 50.4 5 25.9
Carbofuran 0.6 5 76.4
Methyl parathion 0.6 5 98.4
2,4-D 0.5 5 70.9
Benomyl 0.6 5 97.0
Fentin hydroxide 0.5 5 67.4
Fentin hydroxide + Sulfur 0.3 + 0.4 5 92.9
Fentin hydroxide + c o (n h 2)2 0.3 + 105.4 4 94.6
Control 10 84.4
— ^Approximately 200 Cx. quinquefasciatus were added to each flooded sample.
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parasitism (87,7%) was recorded compared to the mixture.
Parasitism by progeny of It. culicivorax was not seriously 
inhibited, when the postparasites from the previous generation had 
been exposed to rice field applications of the fungicides fentin 
hydroxide and benomyl. Excluding the application of fentin 
hydroxide, percent parasitism by progeny ranged from 92.9% for 
fentin hydroxide + sulfur to 97.0% for benomyl.
In summary, little mortality occurred In postparasitic males 
and females of II. culicivorax at 2 days posttreatment following 
exposure to field applications of riceland agrichemicals. Mortality 
rates were <11% and most agrichemicals caused <1% nematode mortality 
relative to the control. Insecticides, for example, had no 
deleterious effects on postparasites of R. culicivorax. Generally, 
when the mortality of nematodes exceeded 4%, it was most often 
associated with fertilizer applications.
At 25 days posttreatment, percent mortality increased for all 
agrichemicals, including the control, but the actual effects of the 
treatments remained about the same as 2 days posttreatment. Again, 
fertilizers accounted for the largest percentage of mortality. 
Insecticides, neither affected the survivorship of the nematodes nor 
Inhibited their ability to develop clutches of eggs. The subsequent 
Fj progeny of It. culicivorax, previously exposed as postparasites to 
agrichemicals, were able to produce a high percentage of infection 
in mosquito larvae except for urea (25.9%).
These data provide a better insight into the use of R., 
culicivorax as a biocontrol strategy for managing larval mosquito 
populations in the riceland agroecosystera. Even though some of the
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pesticides and fertilizers evaluated in this study showed some 
deleterious effects on the nematode, the impact was considered 
minimal and at least for the postparasite stage, agrichemicals would 
not seriously jeopardize its role in an integrated pest managment 
program. However, additional information inclusive of qualitative 
laboratory tests and subsequent field evaluations, is required in 
assessing the effects of these and other pesticides and fertilizers 
on adults of _R. culicivorax before fully recommending their use as a 
viable component in riceland mosquito control.
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ESTABLISHMENT AND RECYCLING OF ROMANOMERMIS CULICIVORAX 
IN LOUISIANA RICELANDS
ABSTRACT
Applications of postparasitic Romanomermis culicivorax, applied
2at dosage rates of 0,025 and 0.05 g/m , were able to establish and 
recycle in a riceland habitat in southern Louisiana. Percent 
infection ranged from 0 to 54.1% during the 22 month study. There 
was no significant difference (P>0.05) between dosage rates among 
the plots and parasitism of Psorophora columbiae larvae held in 
floating bioassay containers. However, parasitism of Ps. columbiae 
larvae was significantly greater (P<0.05) along levee ditches than 
in the central portions of the fallow riceland plots on 3 of 4 
sampling dates in 1983. As percent parasitism increased within the 
population of columbiae located in bioassay containers, the
degree of superparasitism also increased. Romanomermis culicivorax 
was capable of overwintering and subsequently infecting spring 
populations of riceland mosquito larvae. Parasitism also persisted 
when fields were culturally rotated from a fallow state to 
a productive rice field.
INTRODUCTION
Petersen and Willis (1972), in Louisiana, conducted the first 
experimental releases of preparasites and postparasites of 
Romanomermis culicivorax Ross and Smith against natural populations
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of mosquito larvae. Subsequent research emphasized the use of 
preparasites because of their ease of application. However, this 
technique required proper timing of application to coincide with the 
short duration of the early instars of mosquitoes, which are the 
most susceptible to Infection, and the ephemeral preparasitic stage 
of R. culicivorax (Petersen et al. 1978, Petersen and Willis 1970).
The potential of postparasites applied to ricelands became 
apparent when Westerdahl et al. (1979, 1982) reported successful 
infection of mosquito larvae in a California rice field. That study 
showed that _R. culicivorax was capable of recycling, overwintering, 
and surviving through the following rice growing season.
There are several advantages to using postparasites to 
inoculate traditional mosquito breeding habitats of floodwater 
species. The first and primary advantage is that the habitat does 
not have to be flooded at the time of nematode application. The 
postparasites can be applied to habitats exhibiting moist soil 
conditions. The nematodes subsequently burrow into the soil, mature 
to adulthood, mate, and deposit eggs. After an appropriate 
incubation period, the _R. culicivorax eggs remain viable for several 
months and readily hatch with the onset of the next several 
floodings. The eggs of E., culicivorax are capable of "installment 
hatching" (J. J. Petersen, USDA-ARS, University of Nebraska,
Lincoln, NE; personal communication), a characteristic that has been 
observed in the laboratory. Many floodwater mosquitoes also possess 
this characteristic as described by Schwardt (1939). Installment 
hatching is defined as the nonsynchronus hatching of mosquito eggs
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when subjected to periodic inundations. This characteristic allows 
newly hatched preparasites to invade freshly emerged mosquito larvae 
within a common habitat after each successive flooding.
Secondly, postparasites can be applied to standing water 
without the presence of early .instar mosquitoes and still continue 
with their life cycle. In contrast, preparasites must be applied to 
standing water and have susceptible mosquito instars available at 
the time of application if any degree of success is to be achieved. 
The application of preparasites must be accomplished within the 
first 28 hr after mosquito hatch to be effective.
In light of the previous research on postparasites, this study 
was conducted to evaluate the strategic use of IS. culicivorax as a 
component of a integrated pest management program in the ricelands 
of the southern region of the United States, using Psorophora 
columbiae (Dyar and Knab) as the target species.
MATERIALS AND METHODS 
The study site was located in Jefferson Davis Parish, LA in a 
previously harvested commercial rice field. The soil type consisted 
of a Crowley silt loam (fine, montmorillonitic, thermic, Typic 
Albaqualf). Five adjacent 20 X 20 m plots were constructed with 
typical rice field levees surrounding the periphery of each plot.
On September 9, 1982, 4 of the 5 unflooded plots in the fallow 
rice field were treated with R:. culicivorax postparasites at a 
male:female ratio of about 1:1. Two plots were treated with 
individual aliquots of postparasites at a rate of 0.025 g/m2 and the 
two other plots were treated with 0.05 g/m2 . This is approximately
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equal to 50 and 100 nematodes/in2 (Dr. J. J, Petersen, USDA, personal 
communication). At these dosages, the treatments were equivalent to 
10 and 20 g/plot, respectively. The treatments were conducted by 
burying the aliquots of postparasites approximately 2 cm deep in 
each square meter of soil for protection and adding about 5 ml of 
well water to initially prevent desiccation.
The plots were designated A through E. Plots A and C were 
treated with 20 g of nematodes each and plots B and D with 
10 g each. Plot E was used as a control and therefore was not 
treated with nematodes; however, it was subjected to the same 
cultural and water management practices as the treated plots.
All plots were flooded with well water 33 days posttreatment to 
allow sufficient time for the previously inoculated postparasites to 
mature to adulthood, mate, and produce eggs. This flooding not only 
was an attempt to stimulate late seasonal hatching of native 
mosquito populations but also marked the beginning of the bioassay 
phase of this research to evaluate _R. culicivorax parasitism of 
natural and sentinal mosquito larvae.
Each plot had 8 sampling sites with 4 of the sites equally 
distributed in the levee ditch that surrounded the inner edges of 
the plot (i.e., one site per side). The remaining 4 sites were 
located near the center of the plot for an overall total of 40 
sampling sites within the 5 plots.
Two bioassay methods were used to determine parasite levels in 
mosquito larvae. The primary method involved the use of a 
predetermined number of sentinal mosquito larvae placed in 8 
floating bioassay containers which were located in each of the
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sampling sites within the plots. The bioassay containers were 
constructed of polyvinylchloride pipe equipped with screen-covered 
openings as described by Walker and Meek (1985). Sixty first and 
early second instars of £. columbiae were placed in each bioassay 
container. Previous laboratory data indicated the early larval age 
classes (i.e., first and second instars <28 hr old) were most 
susceptible to infection by It. culicivorax. After 3 days of 
exposure, the larvae were removed from the bioassay containers, 
transported to the laboratory, and examined for _R. culicivorax 
infection. Periodically, parasitism of the native larval population 
of mosquitoes at each site was also sampled by taking 10 dips/site 
using a standard 475 ml dipper.
The plots were flooded 11 times and drained 4 times during the 
22 month period to provide water levels sufficiently high (10.2 cm) 
to use the bioassay containers, to mimic heavy rainfall patterns, 
and agronomic practices common to southwestern Louisiana. The 
fallow rice field plots were flooded on October 12 and 25 of 1982 
and March 10, May 13, July 15, August 31, and November 1 of 1983. 
Following each flood, the water levels were allowed to subside 
through natural soil perculation and evaporation. The plots were 
not flooded with irrigation water for 100 days during the winter 
months of 1982-83 and 131 days during the winter months of 1983-84. 
During these periods, percent available soil moisture was 
periodically monitored with a Beckman® Bouryovces Model EN-2B 
moisture meter (Beckman Instruments, Inc., Cedar Grove, NJ). In 
1984 the plots were planted in rice and subjected to the normal 
cultural activities. These activities included seedbed preparation
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by discing the soil, vehicular grading the land while the plots were 
subjected to a flooded condition, aerial application of germinated 
seed rice (LaBelle variety), and aerial applications of the 
herbicide molinate at 3.4 kg Al/ha, the herbicide 2,4-D at 0.76 kg 
Al/ha, and the fertilizers 21% ammonium sulfate [(NH^^SO^] at 14.7 
kg Al/ha and 45% urea [COCNHj^l ah 31.5 kg Al/ha. In conjunction 
with these cultural activities, the plots were flooded on April 27, 
May 8, and June 19 of 1984,
Selected environmental conditions, such as rainfall and ambient 
temperature, were monitored by on site recording instruments and 
compared with data collected by a substation of the Louisiana Office 
of State Climatology in nearby Jennings, LA. Additionally, 
certain aquatic parameters within the plots were recorded at the 
time of sampling. These parameters included: water temperature, 
dissolved oxygen, conductivity, and total salinity.
Data from bioassay containers were subjected to statistical 
analyses based on a model utilizing 5 plots, 2 treatments, 2 regions 
(levee ditch and center of plot), and 8 sample sites. An analysis 
of variance of these data was conducted using SAS general linear 
models procedure for testing the hypothesis that the means obtained 
from the plots were the same (SAS 1982).
RESULTS AND DISCUSSION
The percent parasitism of Ps. columbiae by R. culicivorax in 
riceland research plots over a 22 month period is provided in Table 
1. Parasitized Ps. columbiae larvae were recorded only once in
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Table 1. Percent parasitism of Psorophora columbiae resulting from a 
single application of Romanomermis culicivorax postparasites 
in plots located in a Louisiana rice field, 1982-84.
% Parasitism at indicated postparasite application rate
20 g/plot
Plots 
10 g/plot 0 g/plot
DATE A C B D E
1982 Postharvest rice field
12 OCT 0 0 0 0 0
18 OCT 0.4 0 0 0 0
25 OCT 0 0 0 0 0








10 MAR- 0 0 0 0 0
2719 APR- 0 0 0 0 0
13 MAY 28.0 25.2 25.5 13.2 0
27 MAY 22.8 15.1 9.5 5.4 0








18 MAY 4.8 0 0 0 0
19 JUN 0 0.8 0.2 2.9 0.6
—  Plots A and C had 3 bioassay containers each;
plot B, D, and E had 2 containers each.
2/—  Each plot had 4 containers each.
3 /—  Due to levee break and interchange of water between plots D and E.
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bioassay containers during the fall months of 1982. Plot A which 
had one infected larva of Culex salinarius Coquillett on October 18 
(39 days posttreatment). Following the November 1 flooding, the 
plots remained free of irrigation water for 100 days during the 
winter months of 1982-83. Two early season samplings on March 10 
and April 19, 1983 yielded no parasitism of P s . columbiae larvae. 
Beginning May 13 and continuing for the remainder of the sampling 
dates in 1983, parasitism ranged from 3.9 to 54.1% among all 
treatment plots with an end of the season high ranging from 39.1 to 
54.1.
The encroachment of parasitism into the untreated control plot 
was first recorded on the November 1 sampling date. This 
infiltration of nematodes was believed due to a levee break 
initiated by muskrat burrows and compounded by movement of 
irrigation water during the flooding process. The infection rate 
within the control plot was comparable to rates for the treatment 
plots and, similar to the treatment plots, infection was confined 
primarily to the levee ditches.
During the sampling periods of May and June 1984, the 
percentages of parasitism decreased markedly compared with the late 
season infection rates of 1983. However, most of the time the 
bioassay containers in the ditches again accounted for higher 
percent parasitism levels even though these differences were not 
statistically significant (P>0.05).
Percent parasitism of native mosquito larval populations by II. 
culicivorax in the riceland plots is provided in Table 2. Eight 
species of mosquitoes were collected during the study. In order of
Table 2. Percent; parasitism of natural mosquito populations resulting from a single application of the postparasitic stage of 
Romanomermis culicivorax in plots located in a Louisiana rice field, 1982-83.—^
Postparasite application rate (g/plot)
20 10 0
A C B D E
Date Mosquito Species No. X No. X  
larvae parasitism larvae parasitism
No. % No. X No. 




15 OCT Ps. columbiae 2A A.2 0 ----- 5 ■ AO.O A 0 3 0
An. crucians 0 ----- 0 ----- 3 0 1 0 1 0
Cx. sallnarius 0 ----- 1 100 0 ----- 0 ----- 6 0
1 NOV An. crucians 70 l.A AS 22.9 A8 6.3 28 3.6 37 0
An. quadrlmaculatus 28 3.6 18 0 28 3.6 8 0 12 0
Cx. sallnarius 19 0 10 0 16 0 114 0 16 0
Uranotaenla spp. 13 7.7 10 0 12 0 15 0 2 0
Cs. inornate 0 ----- 0 ----- 0 ----- 1 0 0 —
1983
13 MAR 0 ----- 0 ----- 0 ----- 0 ----- 0 -----
12 APR 0 ----- 0 ----- 0 ----- 0 ----- 0 —
16 MAT Ps. columbiae 0 ----- 13 0 11 0 21 0 1 0
18 JUT, Ps. columbiae 17 23.5 5A 24.1 59 30.5 3 33.3 0 —
An. crucians 0 ----- 3 100 0 ----- 8 25.0 1 0
An. quadrlmaculatus 0 ----- 5 20.0 0 ----- 2 50.0 0 —
A NOV Ps, columbiae 1 100 0 ----- 2 100 I 0 0 —
An. crucians 1 0 ■ 0 ----- 0 — 0 ----- 0 —
An. quadrlmaculatus t 0 0 ----- 1 0 0 ----- 0 —
Cx. sallnarius 2 0 0 ----- 2 0 0 1 -----
Ae. vexans 0 0 —  — — 0 1 0 0
—  Each plot was sampled by talcing 10 dips at each of 8 sampling sites (80 dips/plot).
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total larval abundance, the species were: Anopheles crucians
Wiedemann (249); Vs_. columbiae (219); Cx. salinarius (164);
Anopheles quadrlmaculatus Say (103); Uranotaenia sapphirina (Osten 
Sacken) (32); Uranotaenia lowii Theobald (21); Aedes vexans (Meigen) 
(1); and Culiseta inornata (Williston) (1). Parasitism occurred in 
all species except Ae. vexans, Cs. inornata, and Ur. sapphirina.
One larva of C x . sallnarius and one larva of Ur. lowii were
parasitized by R. culicivorax.
Unlike Ps. columbiae larvae located in bioassay containers 
during the fall of 1982, a percentage of the native larval 
populations were infected within the treatment plots. Of the 524 
total native larvae collected in 1982 in Plots A through D, an 
average of 4.4% (23) were infected with II. culicivorax. During 
1983, the percentage increased to an average of 22.1% (46/208) 
infection. This also corresponded to an increase in the parasite 
level of Ps. columbiae located in bioassay containers (Table 1).
Overall native larval populations within all plots for the 22 
month study were low. Dipping samples for 1982 averaged 0.12 
larva/dip during the October and 1.39 larvae/dip in early November.
For 1983, samples averaged 0.16 larva/dip on May 16, 0.38 larva/dip
on July 18, and 0.03 larva/dip on November 4.
Climatological parameters recorded during the 22 month study 
did not appear to cause any measurable adverse effects on 
populations of R. culicivorax in the riceland plots. Average 
monthly minimum-maximum ambient temperatures ranged from 8.4 to 
30.6°C from September to December 1982 with a midrange of 23.7°C. 
Total precipitation was 69.7 cm. During the 1982-83 overwintering
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period (December 1, 1982 to March 10, 1983) ambient temperatures 
were at or below 0°C on 11 occasions with the lowest temperature of 
-2.2°C occurring in December. Total precipitation from December 
1982 to March 1983 was 59.5 cm.
From the first of several floodings of the plots, beginning in 
mid March, to the final drainage in mid December 1983, the average 
monthly minimum-maximum temperature ranged from 2.4 to 33.3°C with a 
midrange of 17,9°C. Total rainfall during these months was 103.4 
cm.
During the 1983-84 overwintering period, the average monthly 
ambient temperatures ranged from 2.2 to 25.8°C for the 5 months of 
the period beginning in mid December 1983 through April 1984. The 
ambient temperature was recorded at or below 0°C on 23 occasions 
with the lowest temperature recorded at -11.7°C in December. The 
total precipitation was 34.4 cm for this period. This was below the 
seasonal normal of 63.2 cm. However, the percent available soil 
moisture was 100% in 15 of 20 occasions during the 5 month period in 
which soil moisture readings were taken. Soil moisture levels fell 
below 50% during the second week in April 1984, and below 20% during 
the third week. These lower soil moisture levels corresponded to 
the discing of the land in preparation for the planting of rice 
within the plots. The plots were flooded during the last week in
April and remained flooded for vehicular grading of the plots and
aerial seeding of the rice. Subsequently, the plots were drained 
for 5 days so that the rice seed could establish a root system. The
plots were flooded for the duration of the study on May 11.
The selected aquatic parameters that were monitored during the
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study period also did not appear to adversely affect the nematode 
population within the plots. The water temperatures from October 
through November 1982 varied from 6.7 to 25.7°C with a midrange of 
16.2°C. From March through November 1983 the water temperatures 
ranged from 7.8 to 36.7°C with a midrange of 22.3°C. Beginning in 
late May through early June 1984, the water temperature ranged from 
21.1 to 36.7°C with a midrange of 28.9°C. It is likely that low 
water temperature in the fall of 1982 and early spring of 1983 
contributed to the lack or low levels of parasitism. Preparasites 
are infective from temperatures ranging from 12 to 33°C with the 
optimum infectivity ranging from 21 to 33°C (Brown and Platzer 
1977). However, quantitative field data, relative to the survival 
of nematodes, are lacking. Additional aquatic parameters, such as 
dissolved oxygen, conductivity, and total salinity remained within 
the optimal limits for JR. culicivorax during the entire study for 
each flooding sequence as defined by Petersen and Willis (1970, 
1972), Levy and Miller (1977), and Brown and Platzer (1978).
Percent parasitism of ŝ̂ . columbiae larvae by _R. culicivorax 
within peripherial ditches and central areas of pans of riceland 
plots are provided in Table 3. From late spring through late fall 
of 1983, when parasitism was most pronounced, significant 
differences (P 0.05 and P 0.01) occurred between peripheral ditches 
and central areas on 3 of 4 sampling dates (Table 4). These 
differences indicated that greater percentages of parasitism 
occurred in levee ditches than in the central portions of pans. 
These data agree with previous research which indicated that rice 
field levee ditches provided suitable habitats for significantly
Table 3. Percent parasitism of Psorophora columbiae larvae by Romanomermis culicivorax
in peripherial levee ditches and pans of riceland plots.— ^
% Parasitism at indicated postparasite application rate
20 g/plot 10 g/plot 0 g/plot
DATE A C B D E
1983
13 MAY Ditch 36.8 39.5 36.1 14.3 0
Pan 19.1 11.0 14.9 12.1 0
27 MAY Ditch 12.9 12.5 3.2 6.7 0
Pan 32.7 17.7 15.9 4.1 0
15 JUL Ditch 15.5 7.7 24.2 44.7 0
Pan 25.0 0 9.3 2.6
1 NOV Ditch 67.0 88.4 82.0 75.3
Pan 11.1 19.8 4.6 17.6 5.0
1984
18 MAY Ditch 8.3 0 0 0 0
Pan 0 0 0 0 0
19 JUN Ditch 0 0 0 5.8 1.2
Pan 0 1.6 0.5 0 0
—  Values are means for 60 Ps. columblae/bioassay container; 4 containers/ditch/plot and
4/pan/plot.
2 /—  Due to levee break and interchange of water between plots D and E.
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Table 4. Analyses of variance evaluating parasitism of Psorophora
columbiae resulting from a single application of the
postparasitic stage of Romanomermis culicivorax in plots
1 /2 /located in a Louisiana rice field, 1982-1984.---




Replication (Error A) 
Sample Site
Ditch vs Pan 




Replication (Error A) 
Sample Site
Ditch vs Pan 




Replication (Error A) 
Sample Site
Ditch vs Pan 




Replication (Error A) 
Sample Site
Ditch vs Pan 





Replication (Error A) 
Sample Site
Ditch vs Pan 


































Date Source df MS F
19 JUN
Treatment 2 0.0068 0.68
Replication (Error A) 2 0.0163 1.64
Sample Site 7 0.0047 0.47
Ditch vs Pan 1 0.0149 1.50
Sample Site X Trt. 14 0.0077 0.76
Error 13 0.0099
■s. Analyses conducted on transformed values, * P<0.05; ** P<0.01.
— Error A was used to test treatment when Error A (Replication) was 
significant at ^O.IO.
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higher numbers (P<0.01) of native populations of Ps. columbiae 
larvae (Andis and Meek 1984) and populations of aquatic arthropod 
predators (Andis and Meek, Louisiana State University, Baton Rouge, 
LA; unpublished data). In May and June 1984, levels of infection 
from the bioassay containers located in ditches again accounted for 
most of the parasitism; however, no significant differences existed 
between the ditches and the pans (P>0.05).
During 1983 and 1984, there were no significant differences
(P>0.05) between the postparasitic application rates of 0.025 and 
20.05 g/m and resultant parasitism in riceland test plots for 7 of 
the 8 sampling dates (Table 4). A significant difference (P<0.01) 
did occur on May 27, 1983, in which the percent parasitism of Ps. 
columbiae larvae in bioassay containers was greater in plots treated 
with the higher postparasitic rate. However, it generally appears
2that in field applications, postparasitic dosage rates of 0.025 g/m
2(approximately 50 postparasites/m ) are sufficient to establish 
parasitism equivalent to levels obtained in this study.
Superparasitism of sentinal mosquito larvae within the bioassay 
containers occurred on 4 of the 6 sampling dates in 1983. As 
defined, superparasitism is the infection of a single host by £2 
parasites of the same species. Data provided in Table 5 indicate 
that as the percent parasitism increased within a population of 
mosquito larvae, the number of parasites per host also Increased. At 
parasitism levels of <11%, the infections ranged from 1 to 3 
nematodes/host with the greatest number of infected larvae having 1 
nematode. When percent parasitism was £91%, the infection ranged 
from 1 to >10 nematodes/host and the number of nematodes per host
Table 5. Percent superparasitism of Psorophora columbiae by Romanomennis culicivorax
in plots located in a Louisiana rice field, 1983-1984,— ^
No.
sample Percent Percentage of hosts containing the indicated number of nematodes
populations parasitism 0 1 2 3 4 5 6 7 8 9 10+
40 1-10 95.0 4.5 0.3 0.2 0 0 0 0 0 0 0
20 11-20 84.6 12.0 3.0 0.4 0 0 0 0 0 0 0
14 21-30 75.8 17.6 4.3 2.3 0 0 0 0 0 0 0
7 31-40 64.2 22.5 5.8 2.9 4.0 0 0.6 0 0 0 0
3 41-50 51.7 27.0 9.0 4.4 3.4 3.4 0 1.1 0 0 0
5 51-60 43.0 29.0 15,0 9.0 2.0 1.0 1.0 0 0 0 0
4 61-70 34.5 26.4 21.8 5.7 9.2 1.2 0 0 1.2 0 0
2 71-80 24.1 9.2 24.1 18.5 13.0 5.6 3.7 1.8 0 0 0
2 81-90 14.0 20.9 20.9 4.7 30.2 2.3 7.0 0 0 0 0
1 0 ^ 91-100 4.0 12.1 15.5 18.4 14.9 9.8 8.0 6.3 3.5 0.6 6.9
— When superparasitism occurred within a sampling date.
2/—  When percent parasitism levels approach 100%, early mortality of the host 
may result.
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became more evenly distributed. In addition, as parasitism levels 
of larval populations increased, a great proportion of the host 
population was superparasitized. When 11% of the mosquito larval 
population was infected, 0.5% of the larvae were superparasitized; 
however, as parasitism increased to 91%, superparasitism increased 
to 83.9%.
If superparasitism becomes too stressful, on a per host basis, 
then the sex ratio of the resultant parasite progeny is affected. 
Petersen (1972) indicated that whenever 7 II. culicivorax parasites 
occurred within a single mosquito larval host, essentially 100% of 
the eventual offspring will be males. Data collected in this study 
indicate that superparasitism of 7 parasites/larva was not a major 
factor and only occurred when the percentage of total parasitism 
exceeded 41%. When total percentages of 91% infection occurred, 
17.3% of the mosquito larvae contained 7 nematodes. In addition, 
Kurihara (1979) demonstrated that mosquito larvae, particularly the 
early age classes (first and second instars), will suffer premature 
mortality when subjected to high levels of parasitism.
In summary, applications of postparasitic _R. culicivorax, at
2dosage rates of 0.025 g and 0.050 g/m , were sufficient to establish 
and cause recycling of nematode populations in riceland plots of 
southern Louisiana. The nematode population was capable of 
surviving the stressful conditions of overwintering, use of 
agrichemicals, and the common farming practice of culturally 
rotating the land from a rice field to a fallow condition and back 
to a rice field again. Even though parasitism was at moderate 
levels In 1983 when the plots were in a fallow condition, the
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initial infection rates in the early summer of 1984 were very low.
Factors, such as seedbed preparation and grading of the land by
tractor, may have contributed to the low parasitism.
Parasitism of Ps. columbiae larvae retained in bioassay
containers were not significantly different (P>0.05) at either
dosage rate. Therefore postparasitic application rates of 0.025 
2g/m (approximately 50 postparasites) could be used to attain the 
same infection level as those found in this study and at a cost 
saving to the mosquito abatement program.
Romanomermis culicivorax should not be used as the only means 
of riceland mosquito larval control. Infection rates of <55%, 
obtained in this study, are not acceptable in an abatement program. 
However, an integrated approach to riceland mosquito control should 
be implemented to Include chemicals, biocontrol agents, and water 
management strategies to achieve a more successful mosquito control 
effort.
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DEVELOPMENT OF A FLOATING BIOASSAY CONTAINER 
FOR MOSQUITO LARVAE
T. W. Walker and C. L. Meek 
ABSTRACT
A floating bioassay container was developed to evaluate 
biological control agents in irrigated agricultural land. The 
container was constructed of 4 in. (10.2 cm) diam PVC pipe, 50 mesh 
screen, and 8 oz (0,24 liter) sample bottles used as floats. The 
results of laboratory studies indicated that the containers did not 
inhibit preparasites of Romanomermis culicivorax Ross and Smith from 
gaining access and parasitizing Culex quinquefasciatus Say larvae 
retained within the bioassay containers. When float bottles were 
attached to the containers, levels of parasitism were significantly 
higher (P<0.01) within the container than outside; without the float 
bottles there was no significant difference (P>0.05) between levels 
of parasitism inside and outside of the container. The arrangement 
of the float bottle may provide a funneling effect for surface 
dwelling preparasites.
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DEVELOPMENT OF A FLOATING BIOASSAY CONTAINER 
FOR MOSQUITO LARVAE- ,-
T. W. Walker and C. L. Meek— ^
Various containers have been developed to retain mosquito 
larvae or other target organisms in field experiments when 
evaluating biological control agents, commercial pesticides or 
environmental influences (Chapman et al. 1970, Hembree et al. 1980, 
Westerdahl et al. 1982). A new bioassay container was recently 
developed in support of riceland mosquito research involving 
Romanomermis culicivorax Ross and Smith, a nematode parasite of 
mosquito larvae. The container is easily constructed, relatively 
inexpensive at ca. $2.50 (U.S.)/unit, and completely reuseable 
(except when used in conjunction with some pesticides). Barring 
strong, turbulent currents, fluctuations in water levels do not 
inhibit its ability to remain upright and in proper position for 
maximum exposure of the confined target organisms to biocontrol 
agents, etc. In addition, the container is lightweight (0.26 kg) 
for easy transport to remote research sites and, due to its durable 
construction, can tolerate substantial field abuse.
In Figure 1, a diagram of the bioassay container is provided to 
assist in the following description of the materials and
—  Mention of a commercial or proprietary product does not 
constitute a recommendation or an endorsement of the product by 
Louisiana State University Agricultural Center and does not imply 
exclusion of other products that may also be compatible.
—  This research was conducted as part of a cooperative effort 
between the State Agricultural Experiment Stations of Arkansas, 
California, Louisiana, Mississippi and Texas and the Agricultural 
Research Service, USDA as part of the USDA/CSRS Southern Regional 
Project S-122 on the Biology, Ecology and Management of Riceland
^ / Mosquitoes in the Southern Region.
—  Graduate Student and Professor, respectively, Department of 
Entomology, Louisiana State University Agricultural Center, Baton 
Rouge, LA 70803
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construction. A length of 4 in. (10.2 cm) diam schedule 20
polyvinylchloride (PVC) pipe is cut transversely into 7 in. (17.8
cm) sections. Each section requires a series of drilled holes along
its sides to facilitate air and water interchange, and provide
biocontrol agents and pesticides access to the confined target
organisms. Three 2.5 in. (6.4 cm) diam holes are drilled
equidistant around one end of the PVC section so that the edges of
the resultant holes are 0.8 in. (1.9 cm) from the end of the PVC
4/section. Three caps from 8 oz (237 ml) sample bottles —  are 
individually affixed with hot melt g lue^ between the holes 
(centered horizontally and vertically). The positioning of these 
caps is the most critical factor in construction. It is important 
that the horizontal diameters of the holes be contiguous with the 
water surface to provide maximum exposure for neuston.
To supplement air and water exchange, another series of 1.0 in. 
(2.5 cm) and 1.6 in. (4.1 cm) holes are drilled into the PVC 
section. These holes are located in line and above and below each 
of the attached caps. The locations of these holes are not as 
critical as the 2.5 in. holes previously mentioned; however, they 
should be drilled as near as possible to the pattern shown in Figure
1. Swatches of 50 mesh plastic screen^ are glued over all drilled 
holes and the container bottom. New saran screen may have 
insecticidal properties so it should be thoroughly washed before use
4/—  Model 6049-01, 8 oz sample bottle, Horizon Ecology Co., Chicago, 
5/ IL 60648.
—  Thermogrip , Bostick Consumer Division, USM Corporation, 4408 
g. Pottsville Pike, Reading, PA 19605.
—  Lumite , Chicopee Manufacturing, P. 0. Box 2537, Gainesville, GA 
30503.
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(Osgood 1974). After the glue has cured and the plastic bottles are 
tightly screwed into the caps, the bioassay container is ready for 
use. During field experiments, double-layered cheesecloth is placed 
over the top of the container and secured with rubber bands to 
prevent arthropod predators and debris from entering the container.
Another unique feature of this bioassay container is the easy 
method of making intermittent counts of the target organisms (i.e., 
mosquito larvae) during field tests. This is accomplished by 
removing the cheesecloth from the top of the container, replacing 
the cloth with a schedule 20 PVC cap (Pig. 1) and inverting the 
entire unit. The mosquito larvae and approximately 250 ml of water 
are retained in the PVC cap after the excess water has drained from 
the container through the screen covered holes. The cap is 
subsequently removed from the bioassay container and the larvae are 
fully exposed to determine mortality/survival rates.
Prior to its inclusion in field tests, a series of laboratory 
experiments were conducted to determine if the design of the 
bioassay container inhibited preparasitic forms of It. culicivorax 
from gaining access to 1st instar mosquitoes located inside the 
containers. Each container was placed in a 11.5 x 12.5 x 5.5 in 
(29.5 x 32 x 14 cm) plastic pan filled with about 2.1 gal (8 liters) 
of well water. Fifty 1st instar Culex quinquefasclatus Say were 
placed inside the bioassay container and fifty larvae were 
introduced into the pan. Approximately 1000 preparasites of R. 
culicivorax were introduced into the pan giving a ratio of 10:1 
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Figure 1. Diagram of floating bioassay container.
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without float bottles attached in order to determine if the bottles 
provided a funneling effect as the preparasites approached the 
bioassay container. After 3 days, the surviving larval mosquitoes 
were removed from the plastic pans and the bioassay containers, 
reared to 4th instars in 7 x 12 x 2 in (18 x 30 x 5 cm) enamel pans 
at 80°F (26.6°C) and examined for parasitism.
The results indicate that the bioassay containers did not 
inhibit preparasitlc jR. culicivorax from gaining access to Cx. 
qulnquefasciatus larvae (Table 1). In fact, average percentages of 
infection rates (80.9 and 81.8%) for containers with float bottles 
were significantly greater (P<0.01) than infection rates within the 
pan (77.1 and 69.9%). The arrangement of the float bottles may have 
contributed to the higher incidence of parasitism in the container 
by providing a funneling effect for the surface dwelling 
preparasites. There was no significant difference (P>0.05) in 
percent parasitism between the pan and containers without float 
bottles,
Table 1. Efficacy of Romanomennis culicivorax to parasitize Culex 
quinquefasciatus larvae located in bioassay containers.
Ho. nematodes per infected larva Total
Larval Mosq. %














37 10 7 0 220 80.9
32 10 1 1 227 77.1
35 2 1 0 165 81.8
40 2 1 0 246 69.9
Jithout float bottles
43 30 10 10 157 97.5
44 18 9 7 148 91.2
7 16 13 31 75 97.3
26 20 6 5 92 95.7
-= . Nematode to host ratio of 10:1, respectively.
Represents 5 replications.
— Represents 2 replications.
REFERENCES CITED
Chapman, H. C., D, B. Woodard, T. B. Clark and F. E, Glenn, Jr.
1970. A container for use in field studies of some pathogens 
and parasites of mosquitoes. Mosq. News 30:91-93.
Hembree, S. C., M. V. Meisch and D. C. Williams. 1980. Field test 
of Bacillus thuringiensis var. israelensis against Psorophora 
columbiae larvae in small rice plots. Mosq. News 40:67-70. 
Osgood, C. E. 1974. Insect mortality associated with saran plastic 
screen. Can. Entomol. 106:1039-1042.
Westerdahl, B. B., R. K. Washino and E. G. Platzer. 1982.
Successful establishment and subsequent recycling of 
Romanomermis culicivorax (Mermithidae: Nematoda) in a 




Depth of Oviposition by Romanomermis culicivorax 
in Louisiana Riceland Soils
72
73
DEPTH OF OVIPOSITION BY ROMANOMERMIS CULICIVORAX 
IN LOUISIANA RICELAND SOILS
ABSTRACT
Soil cores previously inoculated with postparasites of 
Romanomermis culicivorax were collected from the top 25 cm of a 
Louisiana fallow rice field. The cores were cut transversely into 2 
cm sections. Each section was immersed in water and exposed to 200 
first instar Culex quinquefasciatus. Greater than 90% of the 
infected larvae were from the top 2 cm of soil. These results 
indicated that R. culicivorax ovipositlon primarily occurred in the 
uppermost 2 cm of riceland soil. No parasitism was recorded from 
strata below 6 cm.
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DEPTH OF OVIPOSITION BY ROMANOMERMIS CULICIVORAX 
IN LOUISIANA RICELAND SOILS
Romanomermis culicivorax Ross and Smith is a meraithid nematode 
that parasitizes larval mosquitoes. Upon emergence from the host as 
a postparasite, the nematode burrows into the soil substrate of the 
aquatic habitat to mature, mate, and reproduce. Oviposition begins 
approximately 25 to 30 days after host emergence (Petersen 1975).
Petersen et al. (1968) originally found R.. culicivorax in ponds 
located in semiopen areas of piney woods near Lake Charles, LA. The 
soil type was a Kinder-Messer Complex (Kinder: fine-silty, 
siliceous, thermic, Typic Glossaqualf; Messer: Coarse-silty, 
siliceous, thermic, Haplic Glossudalf). In studies in California, 
Washino and Westerdahl (1981) demonstrated successful nematode 
cycling in 3 soil types characterized as a loamy sand, a fine sandy 
loam, and a clay loam.
The study described herein was conducted to quantify the depth 
of nematode oviposition in soil characteristic of Louisiana 
ricelands. These data are important in assessing the role that R.. 
culicivorax can provide in an integrated approach to riceland 
mosquito management since soil cultivation is inherent in rice 
production and may inhibit the nematode life cycle.
The research was conducted in a fallow rice field located near 
Crowley, LA. The soil represented a Mowata silt loam characterized 
as a fine, montmorillontic, thermic, Typic Glossaqualf soil. In May 
1982, 5 schedule 40 polyvinylchloride (PVC) pipes (10.2 cm inner 
diam X 27 cm long) were driven vertically into the soil until 2 cm 
of the pipes remained exposed. In each pipe, 200 postparasites (100 
males and 100 females) were added to the soil surface plus 10 ml of
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well water to initially prevent possible desiccation. The exposed 
portions of the pipes were covered with a schedule 40 PVC pipe cap 
to prevent disturbance of the soil surface. The pipes were left 
undisturbed in the field for 2 wk to allow sufficient time for the 
postparasites to develop to the adult stage and stabilize themselves 
in a preferred soil stratum. Afterwards, the pipes with the soil 
cores were retrieved from the field and transported to the 
laboratory. They were maintained in a vertical position in an 
incubator set at 28 ± 0.5°C for 5 wk to allow sufficient time for 
complete oviposition and egg maturation (Petersen 1975). The soil 
cores were subsequently removed from the PVC pipes and transversely 
cut into 8 sections. Each of the top 5 sections were 2 cm thick and 
the remaining 3 lower sections were 5 cm thick.
Each section was placed in an enamel pan (18 X 30 X 5 cm) and 
inundated with approximately 1 liter of well water. Each 5 cm 
section was manually broken into portions to permit submersion.
About one hundred first instars of Culex quinquefasciatus Say were 
subsequently added to each pan. When the mosquito larvae reach the 
fourth instar they were examined for parasitic infection.
Parasitism of Cx. quinquef asciatus by II. culicivorax relative 
to soil depth is provided in Table 1. Results indicated that R.. 
culicivorax oviposition occurred primarily in the upper 2 cm of 
riceland soil. Of the total 401 parasitized mosquito larvae 
recovered from all 5 soil columns, 364 (90.8%) were Infected by 
preparasites that emerged from eggs previously laid in the uppermost 
stratum. When the top 4 cm portions of the soil columns were 
considered, the percentage of infected larvae increased to 98.5.
Table I. Parasitism of Culex quinquefasciatus larvae by preparasites of Romanomermis







Number of nematodes 
per infected mosquito larvae 








I 2 2 ■ 21 29 20 12 11 93 (95.9) 95 97.9
4 107 0 0 0 0 0 0 107 0
6 85 4 0 0 0 0 4 (4.1) 89 4.5
8+ 97 0 0 0 0 0 0 97 0
II 2 76 31 3 0 0 0 34 (100) 110 30.9
4 112 0 0 0 0 0 0 112 0
6 118 0 0 0 0 0 0 118 0
8+ 113 0 0 0 0 0 0 113 0
III 2 10 35 27 10 7 2 81 (98.8) 91 89.0
4 102 0 0 0 0 0 0 102 0
6 93 1 0 0 0 0 1 (1.2) 94 1.1
8+ 102 0 0 0 0 0 0 102 0
IV 2 30 55 21 4 1 0 81 (100) 111 73.0
4 110 0 0 0 0 0 0 110 0
6 109 0 0 0 0 0 0 109 0
8+ 117 0 0 0 0 0 0 117 0
V . 2 0 5 8 15 16 31 75 (70.1) 75 100.0
4 52 28 3 0 0 0 31 (29.0) 83 37.4
6 127 1 0 0 0 0 I (0.9) 128 0.8
8+ 117 0 0 0 0 0 0 117 0
—  Soil cores, previously inoculated with 200 (lOOrftf:100??) postparasites,
were cut into 2 or 5 cm sections, flooded, and ca. 100 first instar 
Cx. quinquefasciatus were added.
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There was no parasitism of mosquito larvae recorded for strata below 
6 cm. These data agree with Washino and Westerdahl (1981) who 
stated that most II. culicivorax were generally found in the upper 5 
cm of riceland type soil.
In an earlier attempt to determine the preferred stratum of R. 
culicivorax postparasites and adults in riceland soils, substantial 
difficulty was encountered when attempting to separate the nematodes 
from the soil and plant debris. Many of the nematodes had become 
entwined among themselves and debris whereas others were found 
haborage in hollow plant stems and seed hulls therefore impeding the 
processing of soil samples (Walker and Meek 1983). Croll (1970) 
indicated that aggregations of nematodes are common and evidence 
suggests that aggregation behavior is associated with quiescence and 
resistance to adverse environmental conditions. Of the 30 samples 
processed, approximately 50% of the nematodes recovered were found 
in the upper 2 cm of soil surface.
Superparasitism, defined as 52 parasites of the same species 
in a single host, was commonly observed in this study, occurring in 
54.9% of all parasitized mosquito larvae. Eleven percent of the 
larvae had >5 parasites per host.
Romanomermis culicivorax oviposits in the top 4 to 6 cm of the 
soil that is common to Louisiana ricelands. However, the majority 
of the nematode eggs are found in the uppermost 2 cm. Although the 
nematode eggs are subjected to soil cultivation practices during 
seedbed preparation of rice fields, parasitism by overwintering
R. culicivorax can still occur in spring broods of susceptible 
riceland mosquito species.— ^
—  Walker, T. W. 1985. Evaluation of Romanomermis culicivorax as 
biocontrol agent of larval mosquitoes in Louisiana ricelands. 
Ph.D. Dissertation. Louisiana State University Library. Baton 
Rouge, LA.
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ASSOCIATION OF PLANT DEBRIS AND ROMANOMERMIS CULICIVORAX,
A NEMATODE PARASITE OF MOSQUITOES
T. W. Walker and C. L. Meek 
ABSTRACT
In studies to determine the depth of penetration by 
postparasites and adults of Romanomermis culicivorax in Louisiana 
soils, great difficulty was encountered in attempting to retrieve 
the nematodes from soil cores collected from fallow rice fields. 
Observations indicated that hollow plant stems were used as 
harborage by some nematodes. It is not proposed that an obligatory 
relationship exists between R. culicivorax and plant debris or even 
that there is a possible association with living plant tissue.
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ASSOCIATION OP PLANT DEBRIS AND ROMANOMERMIS CULICIVORAX,
A NEMATODE PARASITE OF MOSQUITOES
T. W, Walker and C. L. Meek-i^
The mermithid nematode, Romanomermis culicivorax Ross and 
Smith, has been studied extensively in the laboratory as a 
biocontrol agent of mosquito larvae. However, there still remain 
substantial gaps in our knowledge of the bionomics of this nematode 
under field conditions.
In studies to determine the depth of penetration by 
postparasites and adults of R. culicivorax in Louisiana soils, we
unexpectedly encountered great difficulty in attempting to retrieve
a predetermined number of nematodes from soil cores collected from 
fallow rice fields. The cores were established by forcing
ployvinylchloride pipes (10 cm X 27 cm) into the soil and
subsequently placing a known number of nematodes on the soil surface 
inside the pipes. The cores were left undisturbed for ca. 1 wk to 
allow the nematodes to penetrate into the soil. Following the 
exposure period, the pipes with the soil cores were removed from the 
field and taken to the laboratory. Each core was removed from the 
pipe and transversely sectioned along its entire length at 2 cm 
intervals. The individual portions were subjected to a soil washing 
process and strained through a series of graduated sieves.
Because of the consistently low percentage of retrieved 
nematodes, a closer examination was made of the soil and plant 
debris remaining in the sieves following the soil washing process.
—  ̂ Graduate student and Professor, respectively, Department of 
Entomology, Louisiana State University Agricultural Center,
Baton Rouge, LA 70803
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This examination revealed a substantial number of nematodes entwined 
among themselves and plant debris which inhibited their passage 
through the smaller mesh sieves. It was not uncommon also to find 
nematodes within the hollow portions of plant stems present in the 
soil samples. For example, a longitudinal incision was made along 
one side of a stem and several nematodes were removed. Nematodes 
were also found in other hollow stems as well as in between the 
interfacial spaces of leaf sheathes and stems. After removal from 
the plant debris the nematodes were positively identified as R. 
culicivorax.
This is believed to be the first report associating R. 
culicivorax with plant debris in riceland soils. These initial 
observations indicated that hollow plant stems were used as 
harborage by some nematodes. It is not proposed that an obligatory 
relationship exists between R. culicivorax and plant debris or even 
that there is a possible association with living plant tissues. 
However, we want to alert other researchers to the difficulties that 
may be encountered if retrieval of nematodes from soil is involved 
in a proposed study.
CONCLUDING REMARKS
The ability of _R. culicivorax preparasites to penetrate and infect 
Ps. columbiae decreased with host age after approximately 28 hr at 26, 
29, and 32°C in laboratory experiments. Parasitism showed a significant 
linear (£<0 .01) decrease from newly hatched first instar to the oldest 
larval age class. The practical application of these data for 
operational mosquito control agencies is that inoculations of 
preparasites of j*. culicivorax to mosquito breeding habitats Is not the 
best choice. Even though preparasites .are easy to apply by conventional 
ground spray equipment and yield immediate parasitism of presently 
available mosquito larval populations, there are several disadvantages. 
The primary limitation is that preparasites must be applied to standing 
water and have early Instar mosquitoes present for best results. The 
short lived preparasites and the brief period of maximum susceptibility 
of early instars, particularly Ps. columbiae, demands a very rigid and 
early application to attain the highest levels of infection. It is not 
possible from a personnel standpoint nor logistically feasible for a 
mosquito abatement operation to treat every mosquito habitat with 
preparasites within a matter of hours.
Applications of postparasites offer more versatility in treatment 
schedules. Laboratory reared postparasites do not require immediate 
application after emergence from the host. They can be applied to a 
flooded or drained habitat and mosquito larvae do not have to be 
immediately available.
A floating bioassay container was developed to evaluate biological
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control agents in mosquito breeding habitats. The container was easily 
constructed, lightweight, relatively inexpensive, durable, and 
reuseable. Laboratory data showed that the screened container did not 
inhibit R. culicivorax preparasites from gaining access to susceptible 
mosquito to larvae retained inside the bioassay container.
Field experiments to monitor the establishment and survival of R. 
culicivorax in riceland plots in southern Louisiana showed that 
mermithid nematodes could survive and cycle through subsequent 
generations when subjected to riceland cultural practices and seasonal 
variability. These Tesults support the use of R. culicivorax by 
mosquito control personnel to control, in part, riceland mosquitoes in 
southern Louisiana and other gulf coast states. Even though under 
optimal conditions, parasitism levels in this study only ranged from 3.9 
to 54.1%, but the nematode may still play a vital role in controlling 
mosquito larvae in the riceland ecosystem. Classically, an efficient 
biocontrol agent will never eradicate its host. There will exist a 
balance between the host and parasite in order that both may survive, 
consequently this nematode will have to be strategically used in 
conjuction with other control tactics such as chemicals, source 
reduction, and biocontrol agents.
This study provided a greater insight into effects agri­
chemicals have on postparasites, adults, gravid females and F^ progeny 
of R. culicivorax relative to short term efficacy and long term impact. 
Basically the agrichemicals produced no short term serious effect 
on postparasites directly exposed to aerial applications of various 
dosages and mixtures of agrichemicals. The long term impact some 
agrichemicals produced higher levels of mortality on adult nematodes;
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however, these were considered acceptable. These data further support 
the adaptibility of R. culicivorax for the riceland ecosystem in its 
ability to maintain a cycling population even when exposed to 
agrichemical usage.
Another factor that will enhance the survivorship of R. culicivorax 
in riceland areas is that higher infection rates occurred in the levee 
ditches compared to the central portions of the pans. These ditches 
retained standing water longer and remained suitable breeding habitats 
for permanent water host mosquitoes such as Culex and Anopheles.
The unfortunate levee break in the test plots and subsequent 
encroachment of parasitism into the check revealed another aspect for 
consideration. That is, preparasites of R. culicivorax can be 
distributed with irrigation water and provide relatively high levels of 
parasitism. This raises the possibility of using preparasites, on 
certain occasions, to treat larger areas by strategic inoculations in 
certain portions of a field and allowing irrigation water to act as the 
method of distribution.
APPENDIX
Appendix Table 1* Susceptibility of Psorophora columbiae larvae over time to parasitism
by RomanomermiB culicivorax at a constant water temperature of 26°C.
Pretreatment 2/Posttreatment—
Age Instar Non- X
Observation (hr) Sample I II III IV Infected Infected Total Parasitism
X 1 23 50 0 0 0 3 22 25 88.0
9 49 0 0 0 2 21 23 91.3
3 50 0 0 0 7 16 23 69.6
38CTL 50 0 0 0 45 0 45 0
II 13.5 35 48 0 0 0 3 29 32 90.6
16 47 0 0 0 3 30 33 90.9
20 50 0 0 0 3 36 39 92.3
19CTL 47 0 0 0 41 0 41 0
III 27 33 47 3 0 0 4 30 34 88.2
12 46 3 0 0 8 35 43 81.4
8 44 0 0 0 9 27 36 75.0
40CTL 48 0 0 0 42 0 42 0
IV 39 5 29 21 0 0 22 23 45 51.1
6 27 22 0 0 19 22 41 53.7
14 16 35 0 0 26 19 45 42.2
29CTL 28 14 0 0 37 0 37 0
V 51 25 13 27 8 0 33 12 45 26.7
4 4 36 7 0 21 19 40 47.5
17 7 27 12 0 25 19 44 43.2
26CTL 4 21 16 0 40 0 40 0
VI 63 2 2 15 36 0 42 6 48 12.5
31 2 26 18 0 35 8 43 18.6
39 4 9 28 0 34 1 35 2.9
7CTL 0 17 26 0 44 0 44 0
co
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Appendix Table 1. (Continued)
Pretreatment 2/Post treatment-
Age Instar Non- X
Observation (hr) Sample I II III IV Infected infected Total Parasitism
VII 75 24 0 11 26 4 35 3 38 7.9
27 0 5 27 7 38 1 39 2.6
10 0 14 30 0 42 1 43 2.3
37CTL 2 5 36 1 42 0 42 0
VIII 96 13 0 2 10 20 32 0 32 0
34 0 1 10 34 43 0 43 0
30 0 3 19 23 45 0 45 0
41CTL 0 1 5 41 46 0 46 0
~  Nematode to host inoculation ratio of 10:1.
2/—  Prior to nematode emergence from the 4th instar larvae.
Appendix Table 2. Susceptibility of Psorophora columhiae larvae over time to parasitism by
Romanomermls culicivorax at a constant water temperature of 29°C.—^
21Pretreatment______________   Posttreatment—
Age  Instar__________  Non- X
Observation (hr) Sample I II III IV Infected Infected Total Parasitism
I 1 10 50 0 0 0 7 9 16 56.3
2 50 0 0 0 3 13 16 81.3
24 50 0 0 0 11 6 17 35.3
9CTL 50 0 0 0 32 0 32 0
11 12 29 53 0 0 0 21 10 31 32.3
5 47 0 0 0 17 11 28 39.3
25 49 0 0 0 15 8 23 34.8
17CTI, 46 0 0 0 37 0 37 0
III 24 14 27 20 0 0 10 20 30 66.7
34 47 12 0 0 13 35 48 72.9
8 31 6 0 0 6 21 27 77.8
39CTL 35 12 0 0 39 0 39 0
IV 34 33 19 26 0 0 32 7 39 18.0
4 17 30 0 0 32 5 37 13.5
18 10 42 0 0 39 11 50 22.0
35CTL 8 36 0 0 44 0 44 0
V 44 27 2 43 1 0 21 7 28 25.0
6 8 20 0 0 12 14 26 53.9
40 3 33 10 0 38 4 42 9.5
31CTL 3 38 2 0 36 0 36 0
VI 53.5 20 0 6 45 0 50 0 50 0
16 3 33 20 0 49 1 50 2.0
3 1 27 17 0 30 2 32 6.3
26CTL 4 34 9 0 31 0 31 0
Appendix Table 2. (Continued)
Pretreatment 2/Posttreatment-
Age Instat Non- %
Observation (hr) Sample X II III IV Infected infected Total Parasitism
VII 63 12 0 9 27 1 35 0 35 0
30 0 18 32 0 45 0 45 0
38 1 22 27 0 42 2 44 4.6
23CTL 4 19 26 0 41 0 41 0
VIII 82.5 13 0 0 5 6 11 0 11 0
19 0 2 16 28 40 0 40 0
41 Q 5 21 1 20 1 21 4.8
37CTL 0 1 12 26 32 0 32 0
—  Nematode to host inoculation ratio of 10:1.
2/—  Prior to nematode emergence from the 4th instar larvae.
Appendix Table 3. Susceptibility of Psorophora columblae larvae over time to parasitism
by Romanomermia culicivorax at a constant water temperature of 32°C.— ^
2/Pretreatment Posttreatment—
Age  Instar__________  Non- Z
Observation (hr) Sample I II III IV Infected Infected Total Parasitism
I 1 16 50 0 0 0 23 9 32 28.1
12 50 0 0 0 23 2 25 B.O
29 50 0 0 0 26 7 33 21.2
30CTL 50 0 0 0 39 0 39 0
II 11 17 50 0 0 0 31 10 41 24.4
10 48 0 0 0 30 11 41 26.8
13 51 0 0 0 26 17 43 39.5
33CTL 47 0 0 0 46 0 46 0
III 22 25 39 11 0 0 28 13 41 31.7
19 23 24 0 0 18 19 37 51.4
41 39 11 0 0 32 11 43 25.6
31CTL 39 10 0 0 45 0 45 0
IV 28.5 35 18 34 0 0 16 16 42 38.1
6 17 32 0 0 28 IB 46 39.1
27 21 30 0 0 30 15 45 33.3
20CTL 12 39 0 0 50 0 50 0
V 35 37 7 36 5 0 42 4 46 8.7
9 9 33 I 0 36 4 40 10.0
4 4 36 7 0 38 7 45 15.6
14CTL 11 43 0 0 47 0 47 0
VI 43.5 39 5 14 25 0 44 0 44 0
2 1 20 24 0 41 2 43 4.7
5 3 23 19 0 41 3 44 6.8
18CTL 0 16 32 0 48 0 48 0
Appendix Table 3. (Continued)
Pretreatment 2/Posttreatment—
Age Instar Non- X
Observation (hr) Sample I 11 111 IV Infected Infected Total Parasitism
VII 52 24 3 6 29 I 34 4 38 10.5
34 0 8 36 2 40 1 41 2.4
7 0 7 31 4 37 1 38 2.6
38CTL 0 11 32 1 43 0 43 0
VIII 71 40 0 2 15 31 48 I 49 2.0
3 0 I 5 28 33 0 33 0
8 0 2 9 33 42 0 42 0
23CTL 0 1 17 28 46 0 46 0
—  Nematode to host Inoculation ratio of 10; 1.
2/—  Prior to nematode emergence from the 4th inscar larvae.
Appendix Table A. Susceptibility of Romanomermis culicivorax to a commercial application of the fertilizer




Dead Total Postpara. Adults w/ Eggs Ovipositing Dead Total Postpara. Adults
2y 1 1 S3 52 0 0 0 0 55 55 0
2 2 0 47 47 0 0 0 0 43 43 0
2 3 0 49 49 0 0 0 0 55 55 0
2 4 2 51 49 0 0 0 2 47 45 0
2 5 2 46 44 0 0 0 1 57 56 0
2 6 0 52 52 0 0 0 0 50 50 0
2 7 1 60 59 0 0 0 0 58 58 0
2 8 0 31 31 0 0 0 1 65 64 0
3 9 0 47 47 0 0 0 1 51 50 0
3 10 0 SO 50 0 0 0 1 51 50 0
3 CTL1 1 50 49 0 0 0 2 55 53 0
3 CTL2 - — — - - - - — — -
8 1 1 53 50 2 0 0 9 52 30 13
12 0 51 27 24 0 0 3 42 13 26
l7l/2 k ~ '
1 51 0 50 15 0 1 40 0 39
1 48 1 47 34 0 0 36 0 36
28 1 36 1 34 32 0 1 30 0 29
34 3 33 0 30 18 10 2 26 1 23
40 5 28 1 22 14 8 0 23 0 23
8 2 1 44 42 I 0 0 1 46 39 6
12 2 43 26 15 0 0 0 44 17 27
l?l/24—
3 39 0 36 26 0 0 44 2 42
0 34 1 33 28 2 0 38 0 38
28 2 28 1 25 10 5 2 38 6 30
34 1 28 0 27 16 10 2 34 1 ' 31
40 3 29 0 26 15 11 4 26 0 22
vo
Appendix Table 4, (Continued)
Days Females Males
posttreatment Sample Dead Total Postpara. Adults w/ Eggs Ovipositing Dead Total Postpara. Adults
8 3 0 50 49 1 0 0 0 54 38 16
12 1 49 19 29 0 0 2 52 16 34
181/ 0 43 1 42 25 0 0 51 1 5024— 2 40 1 37 28 3 0 42 0 42
29 5 35 1 29 13 7 4 41 0 37
34 6 31 1 24 17 5 3 32 0 29
40 0 16 0 16 9 7 1 23 0 22
7 5 0 50 50 0 0 0 I 47 46 0
12 2 43 21 20 0 0 1 51 19 31
lfi7/ 1 40 2 37 19 0 0 50 0 5024— 1 35 0 34 27 1 0 42 0 42
29 0 37 1 36 23 2 1 38 2 35
34 1 36 I 34 18 15 2 35 0 33
39 5 29 0 24 5 19 2 24 0 25
7 7 0 56 56 0 0 0 0 59 16 43
13 2 56 10 44 0 0 3 63 2 58
is,. 1 54 1 52 33 0 0 58 0 58
24— 0 50 0 50 35 1 0 59 0 59
29 1 38 0 37 23 8 1 48 0 47
34 0 29 0 29 14 15 2 38 0 36
40 1 27 0 25 9 16 1 33 0 32
7 CTL1. 1 49 46 2 0 0 0 54 11 43
13 2 48 4 2 0 0 0 55 1 54
18t/ 0 46 0 46 26 0 0 51 0 510 43 0 43 36 3 0 53 0 53
29 1 39 0 38 23 8 0 47 0 47
34 9 38 0 29 12 17 2 36 0 34
40 0 27 0 27 10 17 4 32 0 28
- Data analyzed.
Appendix Table 5, Susceptibility of Romanomermis cullcivorax a commercial application of the fertilizer




Dead Total Postpara. Adults w/ Eggs Ovipositing Dead Total Postpara. Adults
2I/ 1 3 37 34 0 0 0 3 53 50 0
3 2 13 52 35 0 0 0 9 46 37 0
3 3 7 47 40 0 0 0 6 51 45 0
3 4 1 47 46 0 0 0 2 49 47 0
3 5 7 47 40 0 0 0 10 47 37 0
3 6 3 50 47 0 0 0 4 49 45 0
3 7 1 46 45 0 0 0 0 50 50 0
3 8 3 47 44 0 0 0 2 46 44 0
3 9 2 46 44 0 0 0 3 50 47 0
3 10 4 46 42 0 0 0 7 47 40 0
3 CTL1 1 49 48 0 0 0 0 48 48 0
3 CTL2 0 44 44 0 0 0 0 54 54 0
6 1 0 36 36 0 0 0 0 49 49 0
14 0 36 24 12 0 0 1 49 4 44
18
23—
1 35 7 27 0 0 1 44 2 41
1 34 1 32 34 0 0 43 0 43
28 1 27 0 26 16 0 0 35 0 35
35 I 26 0 25 13 1 1 28 0 27
41 0 25 0 25 13 12 0 24 0 24
7 4 11 38 26 I 0 0 17 52 34 1
13 2 28 26 0 0 0 2 32 15 15
181/ 3 25 15 7 0 0 4 30 4 222 24 3 19 5 0 3 24 2 19
28 0 19 2 14 3 0 1 22 0 21
35 2 21 0 19 10 0 0 18 0 18
41 0 18 0 18 10 8 0 19 0 19
o
Appendix Table 5. (Continued)
Days Females Males
posttreatment Sample Dead Total Postpara. Adults w/ Eggs Ovipositing Dead Total Postpara. Adults
7 5 4 40 36 0 0 0 5 38 33 0
13 3 31 19 9 0 0 6 33 4 23
171 / 4 29 0 25 9 0 0 23 0 2323— 3 22 3 16 5 0 2 13 0 11
28 1 16 0 11 4 0 0 10 0 10
35 3 22 0 19 15 4 1 18 0 17
41 0 17 0 17 1 16 0 19 0 19
7 7 1 48 47 0 0 0 1 46 45 0
14 5 40 24 11 0 0 8 48 7 33
18 . 3 31 3 25 0 0 3 43 0 4023y 1 29 3 25 3 0 1 36 0 - 35
29 1 28 0 24 18 0 2 34 0 32
35 3 25 0 22 17 2 1 42 0 41
41 1 19 0 18 3 15 0 32 0 32
7 9 8 44 36 0 0 0 2 47 45 0
14 1 35 33 1 0 0 I 49 15 33
1BI/ 0 33 14 19 0 0 1 48 10 370 32 1 31 9 0 0 46 0 46
29 0 29 0 29 14 0 1 42 0 41
34 2 24 0 22 17 2 1 42 0 41
40 0 20 0 20 12 8 1 41 0 40
7 CTL2 0 44 44 0 0 0 0 55 39 16
14 0 43 2 41 0 0 0 53 1 52
18.. 0 41 1 40 16 O' 0 53 0 53
23— 0 45 0 45 20 4 1 45 0 44
29 6 41 0 35 18 3 1 38 0 35
35 3 31 0 28 20 5 0 37 0 37
41 0 25 0 25 15 10 0 35 0 35
1/ Data analyzed.
Appendix Table 6. Susceptibility of Romanomermis culictvorax to a commercial application of the insecticide




Dead Total Postparal. Adults w/ Eggs Ovipositing Dead Total Postpava. Adults
& 1 0 47 47 0 0 0 0 53 53 0
2 2 0 45 45 0 0 0 0 52 52 0
2 3 0 47 47 0 0 0 0 53 53 0
3 4 0 49 49 0 0 0 0 53 53 0
3 5 0 48 48 0 0 0 0 50 50 0
3 6 0 51 51 0 0 0 0 53 53 0
3 7 0 48 48 0 0 0 0 54 54 0
3 8 0 43 43 0 0 0 0 50 50 0
3 9 0 52 52 0 0 0 0 52 52 0
3 10 0 46 46 0 0 0 0 44 44 0
3 CTL1 0 49 49 0 0 0 0 51 51 0
3 CTL2 0 54 54 0 0 0 0 47 47 0
7 1 1 49 48 0 0 0 0 50 42 8
13 1 48 25 22 0 0 0 50 1 49
171/23^
1 45 3 41 13 0 0 51 I 50
0 44 0 44 22 1 1 52 0 51
28 1 36 0 35 24 0 I 48 0 47
35 2 33 0 31 26 5 0 40 0 40
40 0 29 0 29 14 15 0 42 0 42
7 2 0 48 48 0 0 0 0 51 29 22
13 0 48 12 36 0 0 1 50 0 50
171/ 0 47 1 46 20 1 1
50 0 49
0 46 0 46 29 7 0 50 0 50
28 1 40 0 39 30 7 0 43 0 43
35 3 38 0 35 27 8 0 44 0 44
40 4 37 0 33 15 18 0 37 0 37
00
Appendix Table 6. (Continued)
Days Females Males
posttreatment Sample Dead Total Postpara. Adults w/ Eggs Ovipositing Dead Total Postpara. Adults
7 5 0 A9 A7 2 0 0 1 51 AO 10
13 0 A9 11 38 0 0 0 50 3 A7
I71/ 1 A7 0 A6 11 0 0 51 1 5023±-7 2 AA 0 A2 3A 7 1 A3 0 A2
29 2 37 0 31 28 A 0 32 0 32
35 5 33 0 28 23 5 0 32 0 32
AO 0 27 0 27 6 21 I 31 0 30
7 6 0 50 50 0 0 0 0 53 35 18
13 0 50 11 39 0 0 0 52 3 A9
l7l / 2 50 1 A7 11 0 3 53 0 5023]/ 2 A6 0 AA 30 A 0 A9 0 A9
29 0 32 0 32 30 0 0 A1 0 A1
35 2 29 0 27 21 5 1 38 0 37
AO 1 28 0 27 1A 13 2 35 0 33
7 8 0 A3 A3 0 0 0 0 50 A2 8
13 0 AA 9 35 0 0 0 A7 0 A7
17!/ 0 A6 1 A5 8 0 1 A6 0 A523— I A1 0 A0 33 A 1 A5 0 AA
29 0 AO 0 A0 31 6 0 A2 0 A2
35 2 38 0 36 29 7 0 A3 0 A3
AO 1 32 0 31 7 2A 0 AA 0 AA
7 CTL1 0 50 A8 2 0 0 0 51 33 18
13 0 A9 10 39 O 0 0 53 0 53
17,. 0 A3 0 A3 9 0 0 51 1 50
23— 5 A8 0 A3 30 7 0 A9 0 A9
29 0 A3 0 A3 30 7 1 A7 0 A6
35 0 A3 0 A3 35 8 0 A6 0 A6
AO 3 A5 0 A2 22 19 1 A2 0 A1
1/ Data analyzed.
Appendix Table 7, Susceptibility of Romanomermis culiclvorax to a commercial application of the herbicide




Dead Total Postparai .  Adults v/ Eggs Ovipositing Dead Total Postpara . Adults
1 2 42 39 1 0 0 0 53 53 0
2 2 2 51 49 0 0 0 0 55 55 0
2 3 1 49 48 0 0 0 0 65 65 0
2 4 2 52 50 0 0 0 0 35 35 0
2 5 3 54 51 0 0 0 0 50 50 0
2 6 1 49 49 0 0 0 0 56 56 0
2 7 0 47 47 0 0 0 0 46 46 0
2 8 0 48 48 0 0 0 1 52 51 0
2 9 0 48 48 0 0 0 1 56 55 0
2 10 1 43 42 0 0 0 0 59 57 2
2 CTL1 0 51 51 0 0 0 1 51 50 0
2 CTL2 0 44 44 0 0 0 0 54 54 0
6 4 0 48 21 27 0 0 0 37 7 30
12 1 46 0 45 11 0 0 36 0 36
20
2fr=-
1 42 0 41 34 2 0 37 0 37
0 43 0 43 26 17 0 38 0 38
32 0 44 0 44 26 18 1 35 0 35
36 4 43 0 39 20 19 1 35 0 34
41 3 35 0 32 5 27 0 36 0 36
7 6 2 50 37 11 0 0 1 5 1 5
15 1 46 0 45 6 0 0 54 O 54
Z21/27-'
3 49 0 46 37 1 1 54 0 53
0 42 0 42 27 13 0 53 0 53
34 0 41 0 41 27 14 0 53 0 53
38 0 41 0 41 24 17 2 53 0 51
43 4 42 0 38 15 23 0 51 0 51
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Appendix Table 7. (Continued)
Days Females Hales
posttreatment Sample Dead Total Postpara. Adults w/ Eggs Ovipositing Dead Total Postpara. Adults
7 8 1 48 37 10 0 0 0 50 6 44
15 1 45 1 42 9 0 0 48 0 48
221 / 0 42 1 41 31 2 0 48 0 4827— 0 38 8 37 17 19 1 49 0 48
34 0 38 0 38 24 14 1 54 0 53
38 4 43 0 39 20 19 1 48 0 47
43 0 39 0 39 4 35 1 45 0 44
7 9 1 48 35 12 0 0 0 57 2 55
14 0 47 0 47 15 0 0 50 0 50
22l/ 0 46 0 46 40 0 0 51 0 5127- 0 41 0 41 31 10 0 54 0 54
34 0 38 0 38 24 14 1 54 0 53
38 0 39 0 39 22 17 0 51 0 51
43 2 39 0 37 10 27 0 51 0 51
7 10 1 45 30 14 0 0 0 55 8 47
15 2 42 2 38 8 0 0 53 2 51
2 2  . 1 34 1 32 23 1 1 51 0 50
27— 0 35 0 35 22 12 0 52 0 52
32 0 33 0 33 21 12 0 51 0 51
38 5 32 0 27 15 12 1 49 0 48
43 0 27 0 27 9 18 0 46 0 46
8 CTL2 1 46 20 25 0 0 0 54 2 52
15 0 46 1 45 17 0 0 50 0 50
22,. 0 46 0 46 41 4 0 50 0 50
28^ 0 46 0 46 32 14 0 49 0 49
34 1 46 0 45 25 20 0 50 0 50
38 4 42 0 38 17 21 1 52 0 51
43 2 38 0 36 5 31 0 50 0 50
—  ̂Data analyzed.
Appendix Table 8. Susceptibility of Romanomermls culicivorax to a commercial application of the fertilizer
21% ammonium sulfate to a Louisiana rice field, June 21, 1983.
Days Females Males
posttreatment Sample Dead Total Postpara. Adults w/ Eggs Ovipositing Dead Total Postpara. Adults
& 1 0 48 48 0 0 0 2 53 51 0
2 2 0 47 47 0 0 0 4 50 46 0
2 3 1 40 39 0 0 0 I 11 10 0
2 4 0 45 45 0 0 0 0 51 51 0
2 5 9 46 46 0 0 0 7 51 51 0
2 6 0 46 46 0 0 0 1 58 57 0
2 7 0 49 49 0 0 0 0 54 54 0
2 8 0 47 47 0 0 0 1 48 47 0
2 9 0 45 45 0 0 0 1 52 51 0
2 10 11 50 39 0 0 0 6 53 47 0
2 CTL1 1 49 48 0 0 0 0 55 55 0
2 CTL2 0 52 52 0 0 0 0 50 50 0
9 1 0 46 45 1 0 0 2 51 35 14
17 1 48 12 34 1 0 0 47 4 43
22 . 
2!f-
2 47 2 43 32 0 3 47 2 42
1 44 0 43 35 1 0 43 0 43
32 3 44 0 41 34 6 1 43 0 42
37 0 40 0 40 28 11 0 40 0 40
42 4 40 0 36 14 22 0 41 0 41
9 4 2 52 45 5 0 0 2 46 23 21
17 6 48 3 39 8 0 0 45 0 45
^ 1/28—
0 41 2 39 31 3 0 45 0 45
3 42 0 39 33 1 2 44 0 . 42
32 5 40 0 35 28 7 4 44 0 40
37 2 34 0 32 17 14 2 35 0 33
42 4 29 0 25 8 17 4 33 0 29
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Appendix Table 8. (Continued)
Days Females Hales
posttreatment Sample Dead Total Postpara. Adults w/ Eggs Ovipositing Dead Total Postpara. Adults
9 5 1 37 36 0 0 0 1 45 35 9
17 12 36 6 18 5 0 13 41 5 23
221 / 5 22 0 17 16 I 6 27 0 212&!-' 2 15 0 13 10 2 0 21 0 21
32 0 13 0 13 10 3 10 21 0 11
37 1 13 0 12 7 5 0 11 0 11
42 0 11 0 11 6 5 1 11 0 10
9 7 0 49 48 1 0 0 0 52 38 14
17 2 45 11 32 5 0 1 52 0 ' 51
221/ 0 47 5 42 33 3 0 51 0 510 46 0 46 40 3 0 51 0 51
32 1 46 0 45 34 9 1 50 0 49
37 1 43 0 42 21 20 0 49 0 49
43 1 38 0 37 17 20 0 49 0 49
8 8 0 46 46 0 0 0 0 40 30 10
16 4 49 18 27 6 0 1 40 3 36
21,/ 3 39 5 31 23 1 3 39 2 3427— 0 32 0 32 24 2 4 35 1 30
31 1 31 0 30 25 5 1 32 0 32
36 0 31 0 31 18 11 3 30 0 27
42 1 30 0 29 13 16 2 26 0 24
9 CTL1 0 47 47 0 0 0 0 54 35 19
16 0 47 3 44 7 0 0 54 0 54
2Ii/ 0 48 0 48 45 2 0 54 0 5427— 0 47 0 47 37 2 0 55 0 55
31 1 46 0 45 36 8 0 54 0 54
36 0 46 0 46 26 t5 0 53 0 53
42 1 44 0 43 23 20 1 53 0 52
A/ Data analyzed. 103
Appendix Table 9. Susceptibility of Romanomermis cuiicivorax to a commercial application of the fertilizer




Dead Total Postparai. Adults w/ Eggs Ovipositing Dead Total Postpara, Adults
& 1 8 53 45 0 0 0 4 49 45 0
2 2 4 48 44 0 0 0 3 53 50 0
2 3 0 50 50 0 0 0 I 49 48 0
2 4 1 50 50 0 0 0 0 54 54 0
2 5 3 48 45 0 0 0 3 51 48 0
2 6 2 49 47 0 0 0 5 50 45 0
2 7 3 48 45 0 0 0 2 45 43 0
2 8 4 56 52 0 0 0 2 45 43 0
2 9 0 50 50 0 0 0 0 54 54 0
2 10 2 53 51 0 0 0 4 50 46 0
2 CTL1 0 48 48 0 0 0 0 48 48 0
2 CTL2 0 50 50 0 0 0 0 46 46 0
8 1 0 46 39 7 0 0 2 44 12 30
13 0 41 2 39 0 0 0 43 0 43
2°1/264'
0 42 0 42 31 2 1 43 1 41
2 42 0 40 30 8 0 42 0 42
33 2 39 0 37 19 18 0 42 0 42
39 4 36 0 32 3 29 1 38 0 37
44 7 33 0 26 3 23 5 35 0 35
8 3 0 47 35 12 0 0 0 49 4 45
13 0 48 3 45 1 0 0 50 0 50
2°1/274'
0 48 1 47 37 1 0 50 0 50
1 46 0 45 37 8 0 50 0 50
33 0 45 0 45 20 25 0 50 0 50
39 3 42 0 39 4 35 1 47 0 46
44 9 3S 0 29 1 28 4 46 0 42
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Dead Total PostparaI. Adults w/ Eggs 1Ovipositing Dead Total Postpara. Adults
8 5 6 40 33 1 0 0 3 43 11 29
13 1 37 6 30 1 0 1 40 0 39
2°1/27—
1 36 1 34 24 2 1 39 0 38
1 37 0 36 26 10 0 33 0 33
33 0 36 0 36 16 20 0 32 0 32
39 1 33 0 32 1 31 0 31 0 31
44 11 •26 0 15 0 15 4 28 0 24
8 6 1 42 31 10 0 0 0 48 3 45
13 1 41 3 37 1 0 1 45 0 44
2°1/27—
0 40 0 40 28 3 0 43 0 43
0 38 0 38 27 10 0 44 0 43
33 3 38 0 35 14 21 1 44 0 43
39 9 36 0 27 4 23 2 39 0 37
44 8 23 1 14 0 14 3 29 0 26
8 9 1 50 43 6 0 0 0 53 5 48
14 0 49 3 46 6 0 0 53 0 53
201/27—
0 48 0 48 34 2 0 53 0 53
0 47 0 47 39 8 0 54 0 54
33 0 46 0 46 17 29 0 51 0 51
39 8 41 0 33 4 29 3 50 0 47
44 7 33 0 26 0 26 5 43 0 38
8 CTL1 0 48 27 21 0 0 0 49 2 47
14 0 49 4 45 1 0 0 46 0 46
20, i 1 49 0 48 41 2 0 46 0 4627— 1 51 0 50 38 11 0 46 0 46
33 2 50 0 4B 26 22 2 45 0 43
39 S 48 0 43 4 39 1 40 0 39
44 5 38 0 33 0 33 1 40 0 39
J7 Data analyzed.
Appendix Table 10. Susceptibility of Romanomennls culiclvorax to a commercial application of the insecticide




Dead Total Postpara. Adults w/ Eggs Ovipositing Dead Total Postpara. Adults
aV I 0 53 53 0 0 0 1 50 A9 0
2 2 0 A8 A8 0 0 0 0 56 56 0
2 3 0 50 50 0 0 0 0 A9 A9 0
2 A 0 A2 A2 0 0 0 0 55 55 0
2 5 0 AA AA 0 0 0 0 50 50 0
2 6 0 52 52 0 0 0 1 52 51 0
2 7 1 56 55 0 0 0 1 39 39 0
2 8 0 50 50 0 0 0 0 A6 A6 0
2 9 0 53 53 0 0 0 0 AA AA 0
2 10 0 A9 A9 0 0 0 0 51 51 0
2 CTL1 0 52 52 0 0 0 0 A7 A7 0
2 CTL2 0 A8 AS 0 0 0 1 53 52 0
6 1 0 53 52 1 0 0 1 A9 21 27
13 0 52 7 A5 1A 0 0 A5 0 A5
IB
231'
0 A9 2 A7 36 1 1 A6 0 A5
0 51 0 51 33 8 0 AA 0 AA
28 0 50 0 50 20 27 0 A3 0. A3
33 3 AS 0 A5 12 33 1 A2 0 A1
38 2 A5 0 A3 10 33 1 A0 0 39
6 a 0 A8 A6 2 0 0 0 A5 6 39
13 0 A6 A AA 1A 0 0 A5 1 AA
181/2>=-
1 A8 0 A7 35 2 0 AA 0 AA
0 A6 0 A6 26 10 0 A6 0 A6
28 0 41 0 A1 21 20 0 A6 0 A6
33 A AA 0 A0 12 28 0 39 0 39
39 A 37 0 33 7 26 1 38 0 37
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Appendix Table 10. (Continued)
Days Females Hales
posttreatment Sample Dead Total Postpara. Adults w/ Eggs Ovipositing Dead Total Postpara. Adults
6 4 0 44 34 10 0 0 0 50 8 42
13 1 46 1 44 18 0 0 52 0 52
18 . 1 46 0 45 34 2 2 52 0 50
i y - ' 0 45 0 45 27 12 0 50 0 50
28 0 41 0 41 26 15 1 49 0 50
33 3 40 0 37 14 23 2 49 0 47
39 2 39 0 37 8 29 1 40 0 39
6 7 0 52 42 10 0 0 0 42 6 36
13 0 49 2 47 20 1 1 45 0 44
18t/ 0 51 0 51 44 5 1 44 0 43i y J 0 52 0 52 29 17 1 42 0 41
28 0 48 0 48 20 28 i 41 0 40
33 4 44 0 40 8 32 0 40 0 40
39 5 41 0 36 4 32 0 40 0 40
6 10 1 50 45 4 0 0 1 50 7 4213 1 46 1 44 13 0 1 50 0 49
18i/ 0 49 0 49 41 1 0 46 0 4623-i- 0 48 0 48 32 9 0 48 0 48
28 0 48 0 48 30 18 1 47 0 46
33 0 44 0 44 11 33 2 44 0 42
39 4 39 0 35 2 33 I 41 0 40
6 CTL2 0 47 44 3 0 0 0 53 29 24
13 0 48 2 46 12 0 0 53 0 53
19W 0 42 0 42 36 4 0 58 0 582 3!/ 0 46 0 46 20 15 0 54 0 54
28 2 45 0 43 28 15 0 53 0 53
33 4 43 0 39 16 23 0 52 0 52
39 6 39 0 33 12 21 8 49 0 41
\J Data analyzed.
Appendix Table 11. Susceptibility of Romanomermls culicivorax to a commercial application of the fungicide




Dead Total Postpara. Adults w/ Eggs Ovipositing Dead Total Postpara. Adults
21/ 1 0 53 53 0 0 0 0 53 52 1
2 2 0 50 50 0 0 0 0 49 48 1
2 3 0 51 51 0 0 0 1 49 48 0
2 4 0 51 51 0 0 0 0 48 47 1
2 5 0 51 51 0 0 0 0 51 50 1
2 6 0 47 47 0 0 0 0 50 49 1
2 7 0 46 44 2 0 0 0 46 44 2
2 8 0 50 50 0 0 0 1 50 44 5
2 9 0 50 50 0 0 0 0 55 31 24
2 10 2 49 47 0 0 0 0 50 45 5
2 CTL1 0 48 48 0 0 0 1 53 50 2
3 CTL2 0 53 53 0 0 0 1 47 31 15
10 1 3 53 53 17 0 0 3 52 3 46
17 3 52 4 45 23 I 3 46 0 43
2°1/251'
0 48 I 47 25 4 0 44 0 44
L 45 0 44 36 7 0 44 0 44
31 1 43 0 42 22 20 1 42 0 41
36 3 41 0 38 15 23 0 43 0 43
42 7 37 0 30 10 20 2 40 0 40
9 4 0 52 24 28 9 0 0 47 0 47
15 0 49 4 45 27 1 0 50 0 50
2°1/25̂ -
0 50 0 50 33 4 1 47 0 46
1 50 0 49 36 13 I 48 0 47
3L 1 50 0 49 22 27 1 46 0 45
37 4 49 0 45 10 35 0 43 0 43
42 4 44 0 40 6 34 2 43 0 41
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Appendix Table 11. (Continued)
Days Females Males
post treatment Sample Dead Total Postpara. Adults w/ Eggs Ovipositing Dead Total Postpara. Adults
9 7 4 46 10 32 18 0 1 44 0 43
15 5 39 2 32 20 2 0 43 0 43
201 / 1 36 0 35 18 13 0 41 0 4125- 0 34 0 34 12 21 0 40 0 40
31 I 30 0 29 4 25 1 41 0 40
37 3 28 0 25 2 23 1 38 0 37
42 5 19 0 14 2 12 1 38 0 37
8 8 0 50 25 24 11 0 1 46 1 44
17 1 50 I 48 35 0 2 45 0 43
20 . 0 48 0 48 35 7 0 48 0 4825i/ 0 50 0 50 32 18 1 47 0 46
31 0 49 0 49 11 38 1 40 0 40
37 8 44 0 36 7 29 1 42 0 41
43 8 35 0 27 3 24 4 39 0 39
9 10 2 49 27 20 12 0 0 46 2 44
17 0 43 1 42 23 0 0 46 0 46
20t/ 0 46 0 46 22 13 0 46 0 4625^ 0 47 0 47 30 14 0 46 0 46
31 1 45 0 44 12 32 0 46 0 46
37 3 44 0 41 7 34 1 46 0 45
43 4 36 0 32 5 27 3 43 0 40
9 CTL2 0 53 14 39 6 0 2 45 0 43
16 0 . 53 1 52 35 1 0 43 0 43
20 1 54 0 53 38 13 0 43 0 43
24 2 52 0 50 29 17 1 43 0 42
30 0 50 0 50 9 41 0 42 0 42
36 2 50 0 42 13 35 0 42 0 42
42 9 44 0 35 1 34 3 42 0 39
— Data analyzed.
Appendix Table 12. Susceptibility of Romanomermis culicivorax to a commercial application of the fungicide fentin




Dead Total Postparal. Adults w/ Eggs Ovipositing Dead Total Postpara. Adults
21/ 1 0 54 41 13 0 0 0 50 3 472 2 1 55 43 11 0 0 1 58 10 47
2 3 0 50 50 0 0 0 1 51 12 38
2 4 0 51 49 2 0 0 0 51 17 342 5 0 45 27 18 0 0 0 51 3 48
3 6 0 47 34 13 0 0 2 47 0 45
3 7 0 54 47 7 0 0 2 46 4 40
3 8 0 54 52 2 0 0 1 49 5 43
3 9 0 47 42 5 0 0 1 51 8 42
3 10 0 50 44 5 1 0 3 52 2 47
4 CTI.l 0 49 39 10 0 0 1 51 5 45
4 CTL2 0 53 37 16 0 0 1 54 4 49
7 3 0 48 4 44 0 0 1 49 0 48
13 0 49 0 49 40 1 0 46 0 46
I9t/26^
0 49 1 48 38 8 0 47 0 47
0 48 0 48 16 32 1 48 0 47
32 1 49 0 48 14 34 0 45 0 45
38 0 43 0 43 5 38 1 48 0 47
44 1 45 0 44 2 42 0 46 0 46
7 5 1 44 2 41 4 0 1 51 0 50
13 8 44 0 36 35 1 6 44 0 38
191/26—
2 37 0 35 24 11 1 38 0 37
3 33 0 30 5 25 0 38 0 38
32 0 29 0 29 1 28 0 37 0 37
38 2 28 0 26 0 26 0 37 0 37
44 0 23 0 23 0 23 0 37 0 37
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Appendix Table 12. (Continued)
Days Females Males
posttreatment Sample Dead Total Postpara. Adults w/ Eggs Ovipositing Dead Total Postpara. Adults
7 6 0 47 3 44 6 0 0 46 0 46
13 0 49 0 49 42 2 0 36 0 36
19l / 0 48 0 48 38 10 2 38 0 360 46 0 46 15 31 0 38 0 38
32 1 41 0 40 7 33 1 35 0 34
38 1 40 0 39 3 36 0 34 0 34
44 1 40 0 39 2 37 0 33 0 33
7 9 0 49 5 44 2 0 0 51 0 51
14 1 51 0 50 45 0 5 4B 0 43
l9i/ 2 48 0 46 43 3 7 45 0 382&i7 I 46 0 45 27 18 6 37 0 31
32 0 45 0 45 15 30 0 31 0 31
38 1 44 0 43 5 38 1 31 0 30
44 0 42 0 42 3 39 0 29 0 29
8 10 0 50 1 49 6 0 0 50 0 50
14 0 48 0 48 42 1 2 46 0 46
19i/ 0 48 0 48 38 6 2 44 0 422 4 50 0 46 23 23 8 40 0 32
32 1 44 0 43 11 32 4 25 0 21
38 I 43 0 42 8 34 2 19 0 17
44 3 41 0 38 2 36 2 18. 0 16
8 CTL2 0 52 4 48 6 0 0 52 1 51
14 2 52 0 50 45 0 3 52 0 49
l9w 0 51 0 51 36 10 0 50 0 5027— 5 48 0 43 16 27 6 50 0 44
32 9 44 0 35 11 24 i 40 0 39
38 6 34 0 28 6 22 l 42 0 41
44 5 32 0 27 3 24 6 38 0 32
.A/Data analyzed.
Appendix Table 13. Susceptibility of Rcmanomermis culicivorax to a commercial application of the fungicide fentin
hydroxide (19.7%) and the fertilizer 32% urea to a Louisiana rice field, August 3, 1983.
Days Females Males
posttreatment Sample Dead Total Postpara. Adults w/ Eggs Ovipositing Dead Total Postpara. Adults
2 ~ 1 1 47 43 3 0 0 3 53 45 • 5
2 2 2 51 47 2 0 0 4 49 22 23
2 3 1 49 45 3 0 0 2 51 14 35
2 4 1 50 45 4 0 0 7 50 12 31
2 5 0 46 43 3 0 0 13 52 15 24
2 6 0 50 50 0 0 0 14 50 11 25
2 7 1 48 46 1 0 0 4 45 20 21
2 8 2 48 45 I 0 0 52 16 30
2 9 0 46 43 3 0 0 1 55 15 39
3 10 0 49. 42 7 0 0 3 46 6 37
3 CTL1 0 52 49 3 0 0 52 11 41
3 CTL2 1 50 46 3 0 0 1 49 9 39
7 2 0 48 13 35 8 0 1 49 0 48
12 2 44 0 42 34 0 1 44 0 44
i8 / 25i/ 1 42 0 41 31 10 1 37 0 361 42 0 41 18 23 3 36 0 33
31 1 40 0 39 11 28 0 32 0 32
38 2 37 0 35 5 30 2 33 0 31
43 2 32 0 30 0 30 2 31 0 29
7 3 0 45 5 40 10 0 1 50 1 48
12 1 45 0 44 43 0 4 49 0 45
181/25± 0 42 0 42 25 17 2 41 0 391 41 0 40 9 31 1 36 0 35
32 2 42 0 40 6 34 0 32 0 32
38 5 38 0 33 2 31 1 29 0 28
43 1 34 0 33 0 33 1 28 0 27
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Appendix Table 13. (Continued)
Days Females Males
posttreatment Sample Dead Total Postpara. Adults v/ Eggs Ovipositing Dead Total Postpara. Adults
7 4 0 47 8 39 16 0 0 45 0 45
12 2 50 0 48 43 2 4 42 0 38
181/ 1 49 0 48 27 21 2 35 0 3525— 1 43 0 42 9 33 3 35 0 32
32 I 41 0 40 6 34 0 32 0 32
38 5 38 0 33 1 32 0 29 0 29
43 1 33 0 32 0 32 0 27 0 27
7 6 0 52 14 37 8 0 3 35 0 32
13 0 49 1 48 44 0 2 31 0 31
l8l/ 2 48 0 46 36 10 2 29 0 270 45 0 45 29 16 4 29 0 25
31 0 47 0 47 20 27 0 23 0 23
37 3 46 0 43 9 34 0 23 0 23
42 0 42 0 42 5 37 0 20 0 20
7 9 0 48 8 38 6 0 0 52 0 52
13 0 43 0 43 36 2 0 46 0 47
18 , 0 44 0 44 18 26 I 45 0 442 5!/ 0 40 0 40 11 29 2 44 0 42
32 0 39 0 39 3 36 0 42 • 0 42
38 5 38 0 33 2 31 0 42 0 42
43 3 32 0 29 1 28 0 40 0 40
7. CTL2 0 46 7 39 8 0 0 49 0 49
13 2 48 0 46 39 0 2 46 0 44
18.. 0 46 0 46 36 10 11 42 0 31
25— 2 47 0 45 12 33 0 32 0 32
32 2 44 0 42 7 35 1 33 0 32
38 8 39 0 31 2 29 2 32 0 32
43 8 37 0 29 0 22 3 30 0 27
If Data analyzed.
Appendix Table 14, Susceptibility of Romanomermis culicivorax to a commercial application of the fungicide fentin




Dead Total Fostparai. Adults W  Eggs Ovipositing Dead Total Fostpara. Adults
2y 1 0 49 49 0 0 0 0 50 50 0
2 2 0 48 48 0 0 0 0 49 49 0
2 3 0 48 48 0 0 0 0 49 49 0
2 4 0 50 50 0 0 0 0 51 51 0
2 5 0 57 57 0 0 0 0 47 47 0
2 6 0 52 52 0 0 0 0 45 45 0
2 7 0 47 47 0 0 0 0 51 51 0
2 8 0 51 51 0 0 0 0 51 51 0
2 9 0 50 50 0 0 0 0 56 56 0
2 10 0 48 48 0 0 0 0 51 51 0
2 CTLl 0 50 50 0 0 0 0 56 56 0
2 CTL2 0 50 50 0 0 0 0 52 52 0
8 I 1 44 18 25 0 0 0 49 0 49
14 0 42 1 41 38 3 0 49 0 49
211/27—
1 46 0 45 27 18 0 46 1 45
3 44 0 41 6 35 0 46 0 46
33 0 37 0 37 3 34 0 46 0 46
38 0 39 0 39 2 37 1 44 0 43
43 3 38 0 35 2 33 0 44 0 44
7 2 0 47 28 19 0 0 0 48 0 48
14 0 45 0 45 29 1 0 48 0 48
211/27—
0 45 0 45 21 24 0 49 0 49
I 48 0 47 12 35 0 45 0 45
34 1 47 0 45 6 39 0 44 0 44
39 2 42 0 40 4 36 0 46 . 0 46
43 0 38 0 38 1 37 0 44 0 44
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Appendix Table 14. (Continued)
Days Females Hales
posttreatment Sample Dead Total Postpara. Adults v/ Eggs Ovipositing Dead Total Postpara. Adults
8 4 0 50 24 26 3 0 0 51 51 0
14 0 49 1 48 44 3 0 51 51 0
Z117 1 48 0 47 28 19 1 51 0 5027— 0 49 0 49 12 37 0 48 0 48
34 0 47 0 47 8 39 0 48 0 48
39 1 46 0 45 I 44 0 48 0 48
43 2 45 0 43 1 42 0 48 0 48
8 6 0 51 12 39 3 0 0 42 0 42
14 1 51 0 50 39 1 0 41 0 41
21 . 0 47 0 47 28 19 0 43 0 43
27- 0 46 0 46 11 35 0 43 0 43
33 0 46 0 46 6 40 0 41 0 41
38 3 47 0 44 1 43 0 40 0 40
42 2 43 0 41 1 40 1 41 0 40
8 9 0 48 19 29 4 0 0 53 0 53
14 1 46 0 45 40 4 0 46 0 46
21W 0 44 0 44 25 19 0 48 0 4827— 1 44 0 43 10 33 0 47 0 47
33 0 43 0 43 3 40 0 47 0 47
38 2 44 0 42 3 39 0 47 0 47
42 2 42 ■ 0 40 1 39 0 47 0 47
8 CTL2 0 50 7 43 0 0 0 53 0 53
14 0 50 0 50 36 0 0 52 0 52
21w 0 48 0 48 20 28 0 54 0 5427— 0 50 0 50 15 35 0 49 0 49
33 0 48 0 48 6 42 0 50 0 50
3B 1 44 0 43 4 39 0 53 0 53
42 0 45 0 45 3 42 1 49 0 48
U Data analyzed.
Appendix Table 15. Parasitism of Culex qulnquefasclatus by Fj progeny of Romancmermls cullclvorax postparaEltes exposed to commercially applied
Louisiana rice field agrichemicals, 1983.—^





per Infected mosquito larvae 









9 0 0 2 1 1 5 2 1 0 0 0 0 0 0 0 0 55 12 12 10010 0 1 0 0 4 5 4 3 5 1 1 0 0 0 2 1 191 27 27 100
CTL “ - - — - - - - - - - - - - - - — — —
Urea + 15, 30 HAY 3 1 5 23 26 15 11 6 2 2 0 0 0 0 0 0 0 310 90 91 98.9
30, 15 2 - - — — — - - - — - - - - - - - _ ~ — - - —
6 107 40 0 0 0 0 0 0 0 0 0 0 0 0 0 0 40 40 147 27.2
8 1 1 8 12 20 12 7 4 7 2 0 1 0 0 0 0 348 74 75 98.710 3 8 20 29 19 8 6 3 1 0 0 1 0 0 0 0 319 95 98 96.9
CTL 11 47 40 19 12 3 0 0 0 0 0 0 0 0 0 0 247 121 132 91.7
Carbofuran 31 MAY 3 22 84 44 18 1 1 1 0 0 0 0 0 0 0 0 0 241 149 171 87.1
4 90 77 11 2 1 0 1 0 0 0 0 0 0 0 0 0 115 92 182 50.6
7 8 33 55 29 22 9 6 0 0 0 0 0 0 0 1 0 413 155 163 95.1
9 17 81 51 20 5 4 1 0 1 0 0 0 0 0 0 0 277 163 180 90.610 71 86 27 0 1 0 0 0 0 0 0 0 0 0 0 0 144 114 185 61.2
CTL 22 52 9 4 2 0 1 0 0 0 0 0 0 0 0 0 96 68 90 75.6
2,4-D 14 JUN ll' 30 97 34 8 0 0 0 0 0 0 0 0 0 0 0 0 277 169 199 84.92 140 36 3 0 1 0 0 0 0 0 0 0 0 0 0 0 46 40 180 22.2
3 13 60 62 22 13 6 2 I 1 0 0 0 0 0 0 0 359 167 180 92.8
5 49 91 37 16 9 0 0 0 0 0 0 0 0 0 0 0 249 153 202 75.7
7 39 79 28 12 6 4 3 0 0 0 0 0 0 0 0 0 233 132 171 77.8
CTL 105 60 13 5 2 0 0 1 1 0 0 0 0 0 0 0 124 82 187 43.7
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Appendix Table 15. (Continued)
Number of nematodes per Infected mosquito larvae Neraas
Agrichemicals Dace Sample 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15+ emerged Infected Total Parasitism
Ammonium 
sulfate 21 JUN 2 7 40 51 47 23 6 4 0 0 0 0 0 0 0 0 0 429 171 178 96.7
3 2 13 29 33 23 23 13 15 10 4 2 1 0 0 0 1 710 167 169 98.86 63 73 31 11 I 1 0 0 0 0 0 0 0 0 0 0 177 117 180 65.0
9 — - — - - - - - — - - — — — - - — - — — ___
10 10 13 49 35 16 15 3 0 0 0 0 0 0 0 0 0 373 131 141 9 2 . 9
CTL 9 30 46 33 21 18 7 4 0 0 0 1 0 0 0 0 446 160 169 94.7
Urea 29 JUN 2 171 7 Q 0 0 O 0 0 0 0 0 0 0 0 0 0 7 7 178 3.9
4 87 20 8 0 0 0 0 0 0 0 0 0 0 0 0 0 36 28 115 24.4
7 40 16 1 0 1 0 0 0 0 0 0 0 0 0 0 0 22 18 58 31.0
8 49 7 1 0 0 0 0 0 0 0 0 0 0 0 0 0 9 8 57 14.0
10 30 40 17 9 3 1 1 0 0 0 0 0 0 0 0 0 124 71 101 70.3




,2,3/Z37- 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 217 52 52 1000 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 2 2 2 100
0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 1 100
4 1 1 3 0 0 1 1 0 0 0 0 0 O' 0 0 0 17 6 7 85.7
& 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0 u 2 2 100
CTL 1 0 0 2 2 0 1 0 0 . 0 0 0 0 0 0 0 20 5 6 83.3
2 1 11 42 22 8 8 2 0 0 0 0 0 0 0 0 0 245 93 94 98.9
3 2 48 66 27 10 8 7 1 0 0 0 0 0 0 0 0 342 167 169 98.9
5 3 7 7 2 2 1 0 0 0 0 0 0 0 0 0 0 40 19 22 86.5
6 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1 1 100
9 6 42 42 23 3 1 0 0 0 0 0 0 0 0 0 0 212 111 117 94.9
CTL 0 23 39 36 21 14 10 4 1 0 0 0 0 0 0 0 459 148 148 100
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Table IS. (Continued)
_________Number of nematodes per Infected mosquito larvae Nemas Z
Agrichemicals Date Sample 0 1 2 3 4 5 6 7 8 9  10 11 12 13 14 15+ emerged Infected Total Parasitism
Fentln hydroxide 1 2 1 1 2 6 5 3 14 18 14 20 19 17 21 12 22 1701 175 177 98.9
2 11 1 0 4 3 7 5 9 8 IS 11 10 8 4 5 12 950 102 ■ 113 90.3
4 7 4 0 2 4 9 10 20 18 16 13 9 11 3 2 8 1128 219 226 96.9
7 27 0 2 2 I 3 2 4 5 2 8 7 8 6 11 59 1671 120 147 81.68 11 0 0 2 1 5 4 9 14 15 23 15 14 12 14 20 1630 148 159 93.1
CTL 9 I 2 0 5 8 4 10 18 11 22 11 15 9 6 10 1279 132 141 93.6
• Fentln hydroxide
+ urea 3 AUG I 7 5 9 22 21 18 16 16 5 4 6 0 2 0 0 0 631 124 131 94.7
5 4 1 14 24 28 27 9 8 5 4 0 0 0 0 0 0 534 120 124 96.8
7 7 1 1 0 1 6 6 12 12 15 13 13 9 3 3 6 947 101 108 93.5
8 — — - — - — * - — — — - - - - - — -— .... —
10 9 6 12 24 26 19 24 9 1 2 0 0 0 0 0 0 524 123 132 93.2
CTL 0 2 4 7 15 21 17 19 9 14 7 2 I 2 1 0 764 121 121 100
Fentln hydroxide
9 AUG 3 58 49 27 4 3 1 0 0 0 0 1 0 0 0 0 0 142 85 143 59.4
5 4 10 32 23 24 17 11 10 4 2 1 2 1 1 0 0 567 138 142 97.2
7 69 87 15 10 5 I 0 0 0 0 0 0 0 0 0 0 172 118 187 63.1
8 4 16 48 40 17 19 4 4 3 I 1 1 I 0 0 0 513 155 159 97.5
10 132 43 6 6 1 0 0 0 0 0 0 0 0 0 0 0 77 56 188 29.8
CTL 20 61 41 24 7 4 9 4 3 3 0 0 0 I 0 0 . 409 157 177 88.7
—  Approximately 200 first Instar Cx. qulnquefasclatus were added to each flooded sample. 
2/— High preparasite to mosquito ratio resulted in early mosquito larval mortality.
—  Some nematodes emerged before parasitized mosquito was determined.
Appendix Table 16, Parasitism of Psornphora columhiae larvae resulting from a single application 
of 20 g of the postparasitic stage of Romanomermis cullclvorax located in 
plot A of a Louisiana rice field, 1982-83.— ^
Bioassay container X
Date 1 2 3 4 5 6 7 8 Infected Total Parasitism
1982 
12 OCT 0/3 2 1  0/11-'
0/0 0/6 0/3 0/3 0/8 0/5 0/3 0 31 0
0/0 0/6 0/9 0/14 0/15 1/7 0/13 1 75 1.3
18 OCT 0/30 0/42 0/36 0/30 1/29 0/41 0/40 0/24 1 272 0.4
25 OCT 0/0 0/1 0/5 0/0 0/8 0/0 0/5 0/1 0 20 0
1 NOV 0/22 0/19 0/12 0/25 0/10 0/24 0/10 0/17 0 139 0
8 NOV 0/40 0/17 0/20 0/23 0/35 0/14 0/43 0/24 0 216 0
1983 
10 MAR 0/37 0/33 0/16 0 86 0
19 APR 0/38 — — 0/29 — 0/33 0/12 — 0 112 0
13 MAY 2/34 23/41 10/12 1/52 10/50 6/47 10/33 7/52 69 321 21.5
27 MAY 2/16 5/33 4/19 1/34 5/26 4/12 12/22 8/34 41 196 20.9
15 JUL 3/16 0/37 3/42 9/25 5/34 9/16 6/30 3/34 38 234 16.2
1 NOV 29/29 11/35 26/30 17/34 0/40 0/25 2/27 10/27 95 274 34.7
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Appendix Table 16. (Continued)
Bloassay container %
Date 1 2 3 4 5 6 7 8 Infected Total Parasitism
1984 
18 MAY 0/1 0/7 2/6 0/6 0/2 0/2 0/4 0/0 2 28 7.1
19 JUN 0/15 0/39 0/0 0/42 0/57 0/51 0/62 0/52 0 318 0
—  Number of Infected larvae per total number of mosquito larvae remaining after placing 60 first 
instar larvae In each bloassay container at the beginning of a sampling period.
2/— Sixty Culex qulnquefasclatus were also put into the bioassay container along with the Ps. 
columblae.
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Appendix Table 17. Parasitism of Psorophora columblae larvae resulting from a single application
of 10 g of the postparasitic stage of Romanomermis culiclvorax located in
plot B of a Louisiana rice field, 1982-83.—^
Bloassay container 2
Date 1 2 3 4 5 6 7 8 Infected Total Parasitism
1982 




















18 OCT 0/47 0/31 0/32 0/29 0/34 0/50 0/40 0/33 0 296 0
25 OCT 0/11 0/7 0/6 0/6 0/10 0/14 0/11 0/9 0 74 0
I NOV 0/10 0/12 0/19 0/12 0/19 0/13 0/13 0/10 0 108 0
8 NOV 0/12 0/26 0/35 0/24 0/34 0/18 0/51 0/21 0 89 0
1983 
10 MAR 0/19 0/39 0 58 0
19 APR 0/20 — — 0/37 — 0/26 0/15 — 0 98 0
13 MAY 14/41 25/37 8/22 3/47 11/51 6/49 8/35 1/36 76 318 23.9
27 MAY 0/28 2/33 1/40 1/24 2/49 6/26 11/48 2/15 25 263 9.5
15 JUL 3/20 7/29 0/0 7/21 1/6 2/39 1/35 5/40 26 190 13.7
1 NOV 21/23 14/18 13/13 10/17 0/24 1/13 1/16 1/22 61 146 41.8
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Appendix Table 17. (Continued)
Bloassay container %
Date 1 2 3 4 5 6 7 8 Infected Total Parasitism
1984 
18 MAY 0/13 0/31 0/11 0/30 0/20 0/27 0/8 0/15 0 155 0
19 JUN 0/41 0/42 0/30 0/45 0/41 0/54 1/56 0/59 1 368 0.3
~  Number of infected larvae per total number of mosquito larvae remaining after placing 60 first 
instar larvae in each bioassay container at the beginning of a sampling period.
2/—  Sixty Culex quinquefasclatus were also put into the bioassay container along with the Ps. 
columbine.
Appendix Table 18. Parasitism of Psorophora columbiae larvae resulting from a single application
of 20 g of the postparasitic stage of Romanomermis cullclvorax located in
plot C of a Louisiana rice field, 1982-83,— ^
Bioassay container X
Date 1 2 3 4 5 6 7 8 Infected Total Parasitism
1982 





















18 OCT 0/58 0/37 0/51 0/54 0/27 0/41 0/59 0/64 0 391 0
25 OCT 0/4 0/3 0/24 0/6 0/5 0/9 0/4 0/13 0 68 0
1 NOV 0/3 0/15 0/13 0/17 0/17 0/23 0/17 0/19 0 124 0
8 NOV 0/31 0/35 0/30 0/30 0/34 0/23 0/29 0/34 0 246 0
1983 
10 MAR 0/41 0/36 0/17 0 94 0
19 APR 0/27 — — 0/15 — 0/40 0/42 — 0 124 0
13 MAY 1/41 18/26 20/24 1/32 2/32 3/36 5/27 3/28 53 246 21.6
27 MAY 4/17 6/44 1/16 1/15 7/22 7/32 2/25 3/33 31 204 15.2
15 JUL 2/22 3/50 0/19 3/19 0/15 0/33 0/34 0/10 8 202 4.0
1 NOV 11/11 11/17 23/24 26/28 10/16 0/17 3/18 0/27 84 158 53.2
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Appendix Table 18. (Continued)
Bloassay container X
Date 1 2 3 4 5 6 7 8 Infected Total Parasitism
1984 
18 MAY 0/14 0/9 0/8 0/27 0/7 0/2 0/1 0/13 0 81 0
19 JUN 0/10 0/41 0/17 0/44 0/13 0/22 0/15 3/46 3 208 1.44
~  Number of infected larvae per total number of mosquito larvae remaining after placing 60 first 
instar larvae in each bloassay container at the beginning of a sampling period.
2/—  Sixty Culex quinquefasciatus were also put into the bloassay container along with the Pb. 
columbiae.
Appendix Table 19. Parasitism of Psorophora columbiae larvae resulting from a single application
of 10 g of the postparasitlc stage of Romanomermls cullclvorax located in
plot D of a Louisiana rice field, 1982-83.—^
Bloassay container x
























18 OCT 0/55 0/51 0/53 0/0 0/46 0/48 0/1 0/0 0 254 0
25 OCT 0/19 0/43 0/27 0/27 0/30 0/38 0/33 0/36 0 253 0
I NOV 0/9 0/29 0/6 0/9 0/16 0/14 0/13 0/13 0 109 0
8 NOV 0/Ll 0/19 0/39 0/5 0/30 0/5 0/39 0/14 0 162 0
1983 
10 MAR 0/34 0/46 0 80 0
19 APR 0/45 __ — 0/24 0/39 0/41 — 0 149 0
13 MAY 0/48 9/24 6/37 1/30 0/38 1/38 7/17 2/42 26 274 9.5
27 MAY 4/19 0/22 1/18 0/27 0/30 1/17 0/26 3/2 9 9 188 0
15 JUL 11/26 21/36 15/29 9/34 3/38 0/18 0/0 0/42 59 182 32.4
1 NOV 2/2 3/10 24/25 27/36 11/17 0/28 2/36 0/33 69 187 36.9
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Appendix Table 19, (Continued)
Bioassay container X
Date 1 2 3 4 5 6 7 8 Infected Total Parasitism
1984 
18 MAY 0/5 0/28 0/9 0/4 0/5 0/4 0/16 0/14 0 85 0
19 JUN 2/14 0/21 2/38 2/55 0/10 0/5 0/32 0/5 6 180 3.33
—  Number of Infected larvae per total number of mosquito larvae remaining after placing 60 first 
instar larvae in each bioassay container at the beginning of a sampling period.
— Sixty Culex quinquefasclatus were also put into the bioassay container along with the Fs. 
columbiae.
Appendix Table 20. Parasitism of Psorophora columbiae larvae resulting from a single application
of 0 g of the postparasitic stage of Romanometmis culicivorax located in
plot E of a Louisiana rice field, 1982-83.—^
Bloassay container %
























18 OCT 0/29 0/54 0/54 0/46 0/37 0/61 0/55 0/32 0 368 0
25 OCT 0/20 0/30 0/39 0/31 0/33 0/30 0/38 0/39 0 260 0
1 NOV 0/6 0/28 0/16 0/3 0/10 0/16 0/8 0/19 0 106 0
8 NOV 0/9 0/19 0/40 0/4 0/16 0/7 0/6 0/7 0 10B 0
1983 
10 MAR 0/13 0/38 0 51 0
19 APR 0/15 — — 0/33 — 0/69 0/29 — 0 146 0
13 HAY 0/39 0/15 0/53 0/55 0/26 0/51 0/42 0/53 0 334 0
27 MAY 0/19 0/17 0/31 0/21 0/30 0/39 0/40 0/33 0 230 0
15 JUL 0/32 0/9 0/37 0/29 0/33 0/10 0/34 0/29 0 213 0
1 NOV 10/10 11/12 6/10 11/13 2/10 0/10 0/10 0/23 40 98 40.8
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Appendix Table 20. (Continued)
Bloassay Container X
Date I 2 3 4 5 6 7 B Infected Total Parasitism
1984 
18 MAY 0/5 0/24 0/13 0/17 0/20 0/29 0/32 0/21 0 161 0
19 JON 0/48 1/38 1/49 0/38 0/58 0/50 0/47 0/52 2 380 0.5
—  Number of infected larvae per total number of mosquito larvae remaining after placing 60 first 
instar larvae in each bioassay container at the beginning of a sampling period.
—  Sixty Culex qulnquefasciatus were also put into the bioassay along with the Ps. columbiae.
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Appendix Table 21. Parasitism of natural mosquito larvae populations resulting from a single application of 20 g of 
the postparaaitic stage of Romanomermls culicivorax located in plot A of a Louisiana rice field, 
1982-83
Date Mosquito species Sites of bloassay containers________________________ 1
1 2 3 A 5 6 7 8 Infected Total Parasitism
1982
15 OCT Ps. columbiae 1/5 0/3 0/0 0/1
1 NOV An. crucians 0/7 0/17 0/17 0/2
An. quadrlmaculatus 0/2 0/4 0/9 0/4
Cx. sallnarlus 0/1 0/2 0/0 0/1
Uranotaenia spp. 0/0 0/3 0/3 0/0
1983
13 MAR 0/0 0/0 0/0 0/0
12 APR .0/0 0/0 0/0 0/0
16 MAY 0/0 0/0 0/0 0/0
18 JUL Ps. columbiae 0/1 0/2 0/1 1/3
4 NOV Ps. columbiae 0/0 0/0 1/1 0/0
An. quadrlmaculatus 0/0 0/0 0/0 0/1
An. crucians 0/0 0/0 0/0 o/o
Cx. sallnarlus 0/0 0/0 0/0 0/0
0/3 0/7 0/1 0/4 1 24 4.2
1/5 0/9 0/9 0/4 1 70 1.4
0/1 0/4 1/3 0/1 I 28 3.6
0/3 0/7 0/2 0/3 0 19 0
1/5 0/1 0/1 0/1 1 14 7.1
0/0 0/0 0/0 0/0 0 0 0
0/0 0/0 0/0 0/0 0 0 0
0/0 0/0 0/0 0/0 0 0 0
0/2 0/2 3/5 0/1 4 17 23.5
0/0 0/0 0/0 0/0 1 1 100.0
0/0 0/0 0/0 0/0 0 1 0
0/0 0/0 0/1 0/0 0 1 0
0/0 0/0 0/2 0/0 0 2 0
—  Number of infected larvae per total number of mosquito larvae resulting from 10 dips taken at each 
bioassay container site.
Appendix table 22. Parasitism of natural mosquito larval populations resulting from a single application of 10 g of






of bloassay containers 




15 OCT Ps, columbiae 0/0 0/0 0/3 0/0 0/0 1/1 1/1 0/0 2 5 40.0
An. crucians 0/0 0/0 0/0 0/0 0/1 0/0 0/0 0/2 0 3 0
1 NOV An. crucians 0/6 0/A 1/8 1/11 0/8 0/5 0/0 1/6 3 A8 6.3
An. quadrlmaculatus 0/9 0/2 0/A 0/3 0/3 0/1 1/A 0/2 1 28 3.6
Cx. sallnarlus 0/0 0/3 0/1 0/1 0/3 0/A 0/0 0/4 0 16 0
Uranotaenia spp. 0/3 0/1 0/1 0/0 0/5 0/1 0/0 0/1 0 12 0
1983
13 MAR 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0 0 0
12 APR 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0 0 0
16 MAY Ps. columbiae 0/1 0/2 0/3 0/1 0/0 0/3 0/0 0/1 0 11 0
18 JUL Ps. columbiae 3/7 3/10 2/A 0/3 0/1 2/9 5/10 3/15 18 59 30.5
A NOV Ps. columbiae 0/0 0/0 1/1 0/0 0/0 0/0 1/1 0/0 2 2 100.0
An. quadrlmaculatus 0/0 0/1 0/0 0/0 0/0 0/0 0/0 0/0 0 1 0
Cx. sallnarlus 0/0 0/1 0/1 0/0 0/0 0/0 o/a 0/0 0 2 0
~  Number of Infected larvae per total number of mosquito larvae resulting from 10 dips taken at each
bloassay container site.
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Appendix Table 23. Parasitism of natural mosquito larval populations resulting from a single application of 20 g of






of bloassay containers 




15 NOV Cx. sallnarius 0/0 0/0 0/0 0/0 1/1 0/0 0/0 0/0 1 1 100.0
1 NOV An. crucians 1/12 3/4 2/B 4/10 0/3 1/4 0/5 0/2 11 48 22.9
An. quadrlmaculatus 0/3 0/2 0/10 0/2 0/0 0/0 0/1 0/0 0 18 0
Cx. sallnarlus 0/1 0/4 0/1 0/1 0/1 0/0 0/1 0/1 0 10 0
Uranotaenia spp. 0/2 0/0 0/5 0/0 0/0 0/0 0/3 0/0 0 10 0
1983
13 MAR 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0 0 0
12 APR 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0 0 0
16 MAY Ps. columbiae 0/0 0/2 0/5 0/1 0/0 0/2 0/2 0/1 0 13 0
18 JUL Ps. columbiae 2/6 5/11 1/3 3/5 1/6 1/7 0/4 0/12 13 54 24.1
An. crucians . 0/0 0/0 0/0 3/3 0/0 0/0 0/0 0/0 3 3 100.0
An. quadrlmaculatus 0/0 0/0 0/0 0/1 0/0 0/0 0/0 1/4 1 5 20.0
4 NOV 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0 0 0
Number of Infected larvae per total number of mosquito larvae resulting from 10 dips taken at each
bloassay container site.
Appendix Table 24. Parasitism of natural mosquito larval populations resulting from a single application of 10 g of
the postparasitlc stage of Romanomermis culicivorax located in Plot D of a Louisiana rice field,
1982-83.
Date Mosquito species Sites of bloassay containers X
1 2  3 4 5 6 7 8 Infected Total Parasitism
1982
15 OCT Ps. columbiae 0/0 0/0 0/1 0/2
An. crucians 0/0 0/0 0/1 0/0
1 NOV An. crucians 0/1 0/3 0/5 0/1
An. quadr imaculatus 0/0 0/0 0/3 0/1
Cx. sallnarius 0/1 0/42 0/3 0/14
Uranotaenla spp. 0/0 0/2 0/2 0/2
Cs. lnornata 0/0 0/0 0/0 0/0
1983
13 MAR 0/0 0/0 0/0 0/0
12 APR 0/0 0/0 0/0 0/0
16 MAY Ps. columbiae 0/1 0/9 0/10 0/0
18 JUL Ps. columbiae 0/0 0/0 0/1 0/1
An. crucians 0/0 1/3 1/3 0/0
An. quadrlmaculatus 0/0 0/1 1/1 0/0
4 NOV Ps. columbiae 0/0 0/0 0/0 0/0
Ae. vexans 0/0 0/1 0/0 0/0
0/1 0/0 0/0 0/0 0 4 0
0/0 0/0 0/0 0/0 0 1 0
1/7 0/3 0/1 0/7 1 28 3.5
0/2 0/1 0/1 0/0 0 8 0
0/11 0/14 0/7 0/22 0 114 0
0/5 0/0 0/3 0/1 0 15 0
0/1 0/0 0/0 0/0 0 1 0
0/0 0/0 0/0 0/0 0 0 0
0/0 0/0 0/0 0/0 0 0 0
0/0 0/0 0/0 0/1 0 21 0
0/0 1/1 0/0 0/0 1 3 33.3
0/0 0/0 0/1 0/1 2 8 25.0
0/0 0/0 0/0 0/0 1 2 50.0
1/1 0/0 0/0 0/0 1 1 100.0
0/0 0/0 0/0 0/0 0 1 0
~  Number of infected larvae per total number of mosquito larvae resulting from 10 dips taken at each 
bloassay container site.
Appendix Table 25. Parasitism of natural mosquito larval population resulting from a single application of 0 g of
the postparasitlc stage of Romanomermls cullcivorax located in plot E of a Louisiana rice field,
1982-83.'~
Date Mosquito species  Sites of bioassay containers_______________________  X
1 2 3 4 5 6 7 8  Infected Total Parasitism
1982
15 OCT Ps. columbiae 0/0 0/0 0/2 0/0
An. crucians 0/0 0/1 0/0 0/0
Cx. sallnarlus 0/0 0/1 0/0 0/5
1 NOV An. crucians 0/14 0/1 0/3 0/4
An. quadrlmaculatus 0/6 0/3 0/1 0/0
Cx. salinarius 0/0 0/0 0/0 0/6
Uranotaenia spp. 0/0 0/1 0/0 0/1
1983
13 MAR 0/0 0/0 0/0 0/0
12 APR 0/0 0/0 0/0 0/0
16 MAY Ps. columbiae 0/0 0/0 0/0 0/0
18 JUL An. crucians 0/0 0/0 0/1 0/0
4 NOV Cx. salinarius 0/0 0/0 0/0 0/1
—  Number of infected larvae per total number of mosquito 
bloassay container site.
0/1 0/0 0/0 0/0 0 3 0
0/0 0/0 0/0 0/0 0 1 0
0/0 0/0 0/0 0/0 0 6 0
0/3 0/4 0/3 0/5 0 37 0
0/1 0/1 0/0 0/0 0 12 0
0/3 0/0 0/3 0/4 0 16 0
0/0 0/0 0/0 0/0 0 2 0
0/0 0/0 0/0 0/0 0 0 0
0/0 0/0 0/0 0/0 0 0 0
0/0 0/0 0/0 0/1 0 1 0
0/0 0/0 0/0 0/0 0 1 0
0/0 0/0 0/0 0/0 0 1 0
larvae resulting from 10 dips taken at each
Appendix Table 26. Superparasitism of sentinel populations of Psorophora columbiae resulting a single
application of the postparasltic stage of Romanomennis culicivorax in Louisiana rice
field plots, May 13, 1983.
Plot Number of nematodes per infected mosquito larvae Nemas Z
sample 0 1 2  3 4 5 6 7 8 9 10+ emerged Infected Total Parasitism
A 1 . 32 2 0 0 0 0 0 0 0 0 0 2 2 34 5.9
2 - '  1 / 18 12 1 2 1 0 0 0 0 0 0 45 23 41 56.12 0 0 0 2 I 1 0 0 0 0 57 10 13 76.9
4 51 I 0 0 0 0 0 0 0 0 0 1 1 52 1.9
5 40 10 0 0 0 0 0 0 0 0 0 10 10 50 20.0
6 41 3 3 0 0 0 0 0 0 0 0 9 6 47 12.8
7t / 23 8 I 1 0 0 0 0 0 0 0 13 10 33 30.38±' 45 4 0 0 0 0 0 0 0 0 0 9 7 52 13.5
B 1 26 13 0 I 1 0 0 0 0 0 0 20 15 41 36.6
2 l / 12 9 8 4 4 0 0 0 0 0 0 53 25 37 67.63 J V 14 2 1 0 0 0 0 0 0 0 0 27 8 22 36.4
4 46 3 0 0 0 0 0 0 0 0 0 3 3 49 6.1
5 40 6 5 0 0 0 0 0 0 0 0 16 11 51 21.6
6 43 6 0 0 0 0 0 0 0 0 0 6 6 49 12.3
7 27 5 0 3 0 0 0 0 0 0 0 14 8 35 22,9
8 35 1 0 0 0 0 0 0 0 0 0 1 1 36 2.9
C  ! i/ 40 1 0 0 0 0 0 0 0 0 0 I 1 41 2.42} 8 4 5 1 0 0 0 0 0 0 0 38 18 26 69.2
2 0 0 0 0 0 0 0 0 0 0 46 22 24 91.7
4 31 0 1 0 0 0 0 0 0 0 0 2 1 32 3.1
5 30 2 0 0 0 0 0 0 0 0 0 2 2 32 6.3
6 33 3 0 0 0 0 0 0 0 0 0 3 3 36 8.3
7 22 4 1 0 0 0 0 0 0 0 0 6 5 27 18.5
8 25 2 1 0 0 0 0 0 0 0 0 4 3 28 10.7 134
Appendix Table 26. (Continued)
Plot Number of nematodes per infected mosquito larvae Nemas X
sample 0 I 2 3 4 5 6 7 8 9 10+ emerged Infected Total Parasitism
D 1 48 0 0 0 0 0 0 0 0 0 0 0 0 48 0
2 15 8 1 0 0 0 0 0 0 0 0 10 9 24 37.5
3 31 5 1 0 0 0 0 0 0 0 0 7 6 37 16.2
4 29 1 0 0 0 0 0 0 0 0 0 1 1 30 3.3
5 38 0 0 0 0 0 0 0 0 0 0 0 0 38 0
6l/ 37 I 0 0 0 0 0 0 0 0 0 1 1 38 2.67±-f 16 1 0 0 0 0 0 0 0 0 0 13 7 23 30.4
S 40 2 0 0 0 0 0 0 0 0 0 2 2 42 4.8
E 1 39 0 0 0 0 0 0 0 0 0 0 0 0 39 02 15 0 0 0 0 0 0 0 0 0 0 0 0 15 0
3 53 0 0 0 0 0 0 0 0 0 0 0 0 53 0
4 55 0 0 0 0 0 0 0 0 0 0 0 0 55 0
5 26 0 0 0 0 0 0 0 0 0 0 0 0 26 0
6 51 0 0 0 0 0 0 0 0 0 0 0 0 51 0
7 42 0 0 0 0 0 0 0 0 0 0 0 0 42 0
8 53 0 0 0 0 0 0 0 0 0 0 0 0 53 0
—  Some nematodes emerged before parasitized mosquito was determined.
Appendix Table 27. Superparasitism of sentinel populations of Psorophora columbiae resulting from a single
application of the postparasitic stage of Romanomermis culiclvorax in Louisiana rice
field plots, May 27, 1983.
Plot Number of nematodes per infected mosquito larvae Nemas %
sample 0 1 2 3 4 5 6 7 8 9 10+ emerged Infected Total Parasitism
A 1 14 I 1 0 0 0 0 0 0 0 0 3 2 16 12.52 28 5 0 0 0 0 0 0 0 0 0 5 5 33 15.2
3 15 4 0 0 0 0 0 0 0 0 0 4 4 19 21.1
4 33 1 0 0 0 0 0 0 0 0 0 1 1 34 2.9
5 21 2 3 0 0 0 0 0 0 0 0 8 5 26 19.26 a 4 0 0 0 0 0 0 0 0 0 4 4 12 33.3
7 10 12 0 0 0 0 0 0 0 0 0 12 12 22 54.68 26 6 2 0 0 0 0 0 0 0 0 10 8 34 23.5
B 1 28 0 0 0 0 0 0 0 0 0 0 0 0 28 02 31 2 0 0 0 0 0 0 0 0 0 2 2 33 6.1
3 39 1 0 0 0 0 0 0 0 0 0 1 1 40 2.5
4 23 1 0 0 0 0 0 0 0 0 0 1 1 24 4.2
5 47 1 1 0 0 0 0 0 0 0 0 3 2 49 4.1
6 20 6 0 0 0 0 0 0 0 0 0 6 6 26 23.1
7 37 8 3 0 0 0 0 0 0 0 0 14 ■ 11 48 22.9
8 13 2 0 0 0 0 0 0 0 0 0 2 2 15 13.3
C 1 13 3 1 0 0 0 0 0 0 0 0 5 4 17 23.52 38 5 1 0 0 0 0 0 0 0 0 7 6 44 13.6
3 15 1 0 0 0 0 0 0 0 0 0 1 1 16 6.3
4 14 1 0 0 0 0 0 0 0 0 0 1 1 15 6.7
5 15 6 0 1 0 0 0 0 0 0 0 9 7 22 31.8
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Appendix Table 27. (Continued)
Plot Number of Nematodes Per Infected Mosquito Larvae Nemae %
sample 0 1 2 3 4 5 6 7 8 9 10+ emerged Infected Total Parasitism
D 1 15 4 0 0 0 0 0 0 0 0 0 4 4 19 2.1
2 22 0 0 0 0 0 0 0 0 0 0 0 0 20 0
3 17 1 0 0 0 0 0 0 0 0 0 1 1 18 5.6
4 27 0 0 0 0 0 0 0 0 0 0 0 0 27 0
5 30 0 0 0 0 0 0 0 0 0 0 0 0 30 0
6 16 0 0 I 0 0 0 0 0 0 0 3 1 17 5.9
7 26 0 0 0 0 0 0 0 0 0 0 0 0 26 0
8 26 3 0 0 0 0 0 0 0 0 0 3 3 29 10.3
E 1 19 0 0 0 0 0 0 0 0 0 0 0 0 19 0
2 17 0 0 0 0 0 0 0 0 0 0 0 0 17 0
3 31 0 0 0 0 0 0 0 0 0 0 0 0 31 0
4 21 0 0 0 0 0 0 0 0 0 0 0 0 21 0
5 30 0 0 0 0 0 0 0 0 0 0 0 0 30 0
6 39 0 0 0 0 0 0 0 0 0 0 ■0 0 39 0
7 40 0 0 0 0 0 0 0 0 0 0 0 0 40 0
8 33 0 0 0 0 0 0 0 0 0 0 0 0 33 0
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Appendix Table 28. Superparasitism of sentinel populations of Psorophora columbiae resulting from a single
application of the postparasitic stage of Romanomermis cullcivorax in Louisiana rice
field plots, July 15, 1983.
Plot Number of nematodes per Infected mosquito larvae Nemas X
sample 0 1 2 3 4 5 6 7 8 9 10+ emerged Infected Total Parasitism
A 1 13 1 1 1 0 0 0 0 0 0 0 6 3 16 18.82 37 0 0 0 0 0 0 0 0 0 0 0 0 37 0
3 39 2 1 0 0 0 0 0 0 0 0 4 3 42 7.1
4 16 1 1 1 6 0 1 0 0 0 0 36 10 26 38.5
5 29 5 0 0 0 0 0 0 0 0 0 5 5 34 14.7
6 7 6 3 0 0 0 0 0 0 0 0 12 9 16 56.3
7 24 4 2 0 0 0 0 0 0 0 0 8 6 30 20.0
8 31 3 D 0 0 0 0 0 0 0 0 3 3 34 8.8
B 1 17 1 2 0 0 0 0 0 0 0 0 5 3 20 15.0
2 22 2 2 3 0 0 0 0 0 0 0 15 7 29 24.1
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 14 1 5 1 0 0 0 0 0 0 0 14 7 21 33.3
5 5 0 0 1 0 0 0 0 0 0 0 3 1 6 16.7
6 37 2 0 0 0 0 0 0 0 0 0 2 2 39 5,1
7 34 1 0 0 0 0 0 0 0 0 0 1 1 35 2.9
8 35 5 0 0 0 0 0 0 0 0 0 5 5 40 12.5
C 1 20 2 0 0 0 0 0 0 0 0 0 2 2 22 9.1
2 47 3 0 0 0 0 0 0 0 0 0 3 3 50 6.0
3 19 0 0 0 0 0 0 0 0 0 0 0 0 19 0
4 16 2 1 0 0 0 0 0 0 0 0 4 3 19 15.8
5 15 0 0 0 0 0 0 0 0 0 0 0 0 15 0
6 33 0 0 0 0 0 0 0 0 0 0 0 0 33 0
7 34 0 0 0 0 0 0 0 0 0 0 Q Q Q8 10 0 0 0 0 0 0 0 0 0 0 0 0 10 0 138
Appendix Table 28. (Continued)
Plot Number of nematodes per Infected mosquito larvae Nemas X
sample 0 1 2 3 4 5 6 7 8 9 10+ emerged Infected Total Parasitism
D 1 15 7 3 0 1 0 0 0 0 0 0 17 11 26 42.3
2 15 8 8 4 1 0 0 0 0 0 0 40 21 36 58.3
3 14 7 1 1 2 3 0 1 0 0 0 42 15 29 51.7
4 25 6 0 2 I 0 0 0 0 0 0 16 9 34 26.5
5 35 3 0 0 0 0 0 0 0 0 0 3 3 38 7.9
6 18 0 0 0 0 0 0 0 0 0 0 0 0 18 0
7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
8 42 0 0 0 0 0 0 0 0 0 0 0 0 42 0
E 1 32 0 0 0 0 0 0 0 0 0 0 0 0 32 0
2 9 0 0 0 0 0 0 0 0 0 0 0 0 9 0
3 37 0 0 0 0 0 0 0 0 0 0 0 0 37 0
4 29 0 0 0 0 0 0 0 0 0 0 0 0 29 0
5 33 0 0 0 0 0 0 0 0 0 0 0 0 33 0
6 10 0 0 0 0 0 0 0 0 0 0 0 0 10 0
7 34 0 0 0 0 0 0 0 0 0 0 0 0 34 0
8 29 0 0 0 0 0 0 0 0 0 0 0 0 29 0
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Appendix Table 29. Superparasitism of sentinel populations of Fsorophora columblae resulting from a single
application of the postparasitic stage of Romanomermis eullcluorax in Louisiana rice
field plots, November 1, 1983.
Plot ______ Number of nematodes per infected mosquito larvae_______  Nemas 2
sample 0 1 2 3 4 5 6 7 8 9 10+ emerged Infected Total Parasiti
A 1 0 1 6 10 6 3 1 1 0 0 1 108 29 29 100.02 24 6 4 1 0 0 0 0 0 0 0 17 11 35 31.4
3 4 8 8 1 9 0 0 0 0 0 0 63 26 30 86.7
4 17 10 4 3 0 0 0 0 0 0 0 27 17 34 50.0
5 40 0 0 0 0 0 0 0 0 0 0 0 0 40 0
6 25 0 0 0 0 0 0 0 0 0 0 0 0 25 0
7 25 2 0 0 0 0 0 0 0 0 0 2 2 27 7,4
8 17 6 3 1 0 0 0 0 0 0 0 15 10 27 37.0
B 1 2 8 0 0 1 4 1 2 3 0 2 104 21 23 91.3
2 4 3 4 3 2 1 1 0 0 0 0 39 14 18 77.8
3 0 1 1 1 1 0 3 2 0 0 4 107 13 13 100.0
U 7 1 3 3 2 0 1 0 0 0 0 30 10 17 58.8
5 24 0 Q 0 0 0 0 0 0 0 0 0 0 24 0
6 12 1 0 0 0 0 0 0 0 0 0 1 1 13 7.7
7 15 1 0 0 0 0 0 0 0 0 0 1 1 16 6.3
8 21 1 0 0 0 0 0 0 0 0 0 1 1 22 4.6
C 1 0 1 2 1 0 2 I 1 0 0 3 68 11 11 100.0
2 6 3 4 0 2 1 0 0 1 0 0 32 11 17 64.7
3 I 2 3 4 8 2 3 0 1 0 0 88 23 24 95.8
4 2 3 9 7 1 1 0 2 0 0 0 65 23 25 92.0
5 6 6 3 0 1 0 0 0 0 0 0 16 10 16 62.5
6 17 0 0 0 0 0 0 0 0 0 0 0 0 17 0
7 15 3 0 0 0 0 0 0 0 0 0 3 3 18 16.7
8 27 0 0 0 0 0 0 0 0 0 0 0 0 27 0
O
Appendix Table 29. (Continued)
Plot Number of nematodes per infected mosquito larvae Nomas X
sample 0 1 2 3 4 5 6 7 8 9 10+ emerged Infected Total Parasitism
D 1 0 0 0 1 1 0 0 0 0 0 0 7 2 2 100.0
2 7 3 0 0 0 0 0 0 0 0 0 3 3 10 30.0
3 1 3 2 5 5 4 2 1 0 1 1 ioo 24 25 96.0
4 9 2 9 7 5 2 1 1 0 0 0 84 27 36 75.0
5 6 5 4 1 1 0 0 0 0 0 0 20 11 17 64.7
6 28 0 0 0 0 0 0 0 0 0 0 0 0 28 0
7 36 0 0 0 0 0 0 0 0 0 0 0 0 36 0
8 33 0 0 0 0 0 0 0 0 0 0 0 0 33 0
E 1 0 0 1 1 1 1 1 2 2 0 1 65 10 10 100.0
2 1 2 3 2 2 0 2 0 0 0 0 34 11 12 91.7
3 4 2 I 2 0 1 0 0 0 0 0 15 6 10 60.0
4 2 1 1 1 4 1 3 0 0 0 0 45 11 13 84.6
5 8 2 0 0 0 0 0 0 0 0 0 2 2 10 20.0
6 10 0 0 0 0 0 0 0 0 0 0 0 0 10 0
7 10 0 0 0 0 0 0 0 0 0 0 0 0 10 0
8 23 0 0 0 0 0 0 0 0 0 0 0 0 23 0
i
n
Appendix Table 30. Superparasitism of sentinel populations of Psorophora cnlumbiae resulting from a single
application of the postparasitic stage of Rotnannmerais cullcivorax in Louisiana
rice field plots, June 19, 1984.
Plot Number of nematodes per infected mosquito larvae Nemas Z
sample 0 1 2 3 4 5 6 7 B 9 10+ emerged Infected Total Parasitism
A 1 15 0 0 0 0 0 0 0 0 0 0 0 0 15 02 39 0 0 0 0 0 0 0 0 0 0 0 0 39 0
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 42 0 0 0 0 0 0 0 0 0 0 0 0 42 0
5 57 0 0 0 0 0 o 0 0 0 0 0 0 57 0
6 51 0 0 0 0 0 0 0 0 0 0 0 0 51 0
7 62 0 0 0 0 0 0 0 0 0 0 0 0 62 0
8 52 0 0 0 0 0 0 0 0 0 0 0 0 52 0
B 1 41 0 0 0 0 0 0 0 0 0 0 0 0 41 0
2 42 0 0 0 0 0 0 0 0 0 0 0 0 42 0
3 30 0 0 0 0 0 0 0 0 0 0 0 0 30 0
4 45 0 0 0 0 0 0 0 0 0 0 0 0 45 0
5 41 0 0 0 0 0 0 0 0 0 0 0 0 41 0
6 54 0 0 0 0 0 0 0 0 0 0 0 0 54 0
7 55 1 0 0 0 0 0 0 0 0 0 1 1 56 1.8
8 59 0 0 0 0 0 0 0 0 0 0 0 0 59 0
C 1 10 0 0 0 0 0 0 0 0 0 0 0 0 10 0
2 41 0 0 0 0 0 0 0 0 0 0 0 0 41 0
3 17 0 0 0 0 0 0 0 0 0 0 0 0 17 0
4 44 0 0 0 0 0 0 0 0 0 0 0 0 44 0
5 13 0 0 0 0 0 0 0 0 0 0 0 0 13 0
6 22 0 0 0 .0 0 0 0 0 0 0 0 0 22 0
7 15 0 0 0 0 0 0 0 0 0 0 0 0 15 0
8 43 2 0 1 0 0 0 0 0 0 0 5 3 46 6.5
Appendix Table 30. (Continued)
Plot Number of nematodes per infected mosquito larvae Nemas *
sample 0 1 2 3 4 5 6 7 8 9 10+ emerged Infected Total Parasitism
D 1 12 2 .0 0 0 0 0 0 0 0 0 2 2 14 0
2 21 0 0 0 0 0 0 0 0 0 0 0 0 21 0
3 36 1 I 0 0 0 0 0 0 0 0 3 2 38 5.3
4 53 2 0 0 0 0 0 0 0 0 0 2 2 55 3.6
5 10 0 0 0 0 0 0 0 0 0 0 0 0 10 0
6 5 0 0 0 0 0 0 0 0 0 0 0 0 5 0
7 32 0 0 0 0 0 0 0 0 0 0 0 0 32 0
8 5 0 0 0 0 0 0 0 0 0 0 0 0 5 0
E 1 48 0 0 0 0 0 0 0 0 0 0 0 0 48 0
2 37 L 0 0 0 0 0 0 0 0 0 1 1 38 2.6
3 48 1 0 0 0 0 0 0 0 0 0 ■ 1 1 49 2.0
4 38 0 0 0 0 0 0 0 0 0 0 0 0 38 0
5 58 0 0 0 0 0 0 0 0 0 0 0 0 58 0
6 50 0 0 0 0 0 0 0 0 0 0 0 0 50 0
7 47 0 0 0 0 0 0 0 0 0 0 0 0 47 0
8 52 0 0 0 0 0 0 0 0 0 0 0 0 52 0
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Appendix Table 31. Water parameters from the study that evaluated a
single application of the postparasitic stage of 
Romanomermis culicivorax to parasitize Psorophora 
columbiae in plots located in a Louisiana rice 
field, 1982-1984.
Date













12 OCT* 21.0 21.0 8.3 263 0
15 OCT 13.3-23.3 18.3 7.0 370 0
17 OCT 14.4-24.4 19.4 7.4 350 0
18 OCT 15.6-22.2 18.9 7.0 375 0
25 OCT* 8.9-25.7 17.3 - 290 0
31 OCT 11.1-24.4 17.8 3.5 410 1
1 NOV 18.9-25.6 22.3 3.5 400 <1
7 NOV 8.9-24.4 16.7 6.0 300 <1
8 NOV 7.8-24.4 16.1 5.0 - -
11 NOV 11.1-21.1 16.1 6.9 340 <1
15 NOV 6.7-20.0 13.4 8.5 270 <1
1983
10 MAR* 19.4-21.7 20.6 - 285 0
13 MAR 7.8-23.3 15.6 8.5 280 <1
19 APR 12.9-26.7 19.7 9.0 200 <1
22 APR 14.4-23.3 18.9 7.0 200 <1
13 MAY* 25.6 25.6 6.5 295 0
16 MAY 18.9-33.3 26.1 9.5 230 0
27 MAY 18.9-33.3 26.1 9.5 220 0
30 MAY 24.4-33.3 28.9 10.0 200 0
15 JUL* 25.6 25.6 4.5 190 0
18 JUL 24.4-36.7 30.0 8.1 265 <1
31 AUG* - - - - -
1 NOV* 21.7-24.4 23.1 2.5 250 <1
4 NOV 20.0-25.6 22.8 4.0 475 <1
















27 APR* — — —
11 MAY* * * _ _
18 MAY* 26.7 26.7 6.3 410 <1
21 MAY 21.1-32.8 27.0 6.0 208 0
19 JUN* 24.4-34.4 29.4 7.5 280 0
22 JUN 25.6-36.7 31.2 9.0
—  Meter was not graduated below 1.
* Dates plots were flooded with well water.
Appendix Table 32. Efficacy of Romanomennis cullclvorax to parasitize Cutex quinguefasclatus











emerged Infected Total Parasitism
Trial I
1 Container 2 21 4 1 0 0 32 26 28 92.9
Pan 2 23 10 4 0 1 60 38 40 95.0
2 Container 14 25 7 2 1 0 49 35 49 71.4
Pan 14 27 5 0 1 0 41 33 47 70.2
3 Container 12 22 8 2 1 0 48 33 45 73.3
Pan 15 23 5 4 0 0 45 32 47 68.1
4 Container 9 32 9 1 2 0 61 44 53 83.0
Pan 12 28 6 2 0 0 46 36 48 75.0
5 Container 5 24 9 4 3 0 66 40 45 88.9
Pan 9 30 6 0 0 0 42 36 45 80.0
Trial 11
6 Container 5 18 8 0 0 0 34 26 31 83.9
Pan 14 28 5 0 0 0 38 33 47 70.2
7 Container 7 20 8 2 0 0 42 30 37 81.1
Pan 13 28 8 1 1 0 51 38 51 74.5
8 Container 3 16 5 0 1 0 30 22 25 88.0
Fan 14 28 11 0 0 0 50 39 53 73.6
9 Container 6 24 7 0 0 0 38 31 37 83.8
Pan 17 20 8 1 0 0 39 29 46 63.0
L0 Container 9 19 7 0 0 0 33 26 35 74.3
Pan 16 25 8 0 0 0 41 33 49 67.3
Total Container 72 221 72 12 8 0 433 313 385 81.3
Fan 126 260 72 12 12 1 453 347 473 73.4
—  Nematode to host inoculation ratio of 10:1.
Appendix Table 33. Efficacy of Romanomennis culiclvorax to parasitize Culex quinquefaxciatus larvae located In
bioassay containers without float bottle attachments.—^
Larval Humber of nematodes per Infected mosquito larva Nemas %
Replication location 0 1 2 3 4 5 6 7 8 9  10+ emerged Infected Total Parasitism
Trial I
1 Container 1 a 9 7 2 0 0 0 0 0 0 55 26 27 96.3
Pan 3 16 10 11 3 0 0 0 0 0 0 81 40 43 93.0
2 Container 0 17 5 6 2 I 0 0 0 0 0 58 31 31 100
Pan 3 10 13 2 2 2 1 0 0 0 0 66 30 33 90.9
3 Container 3 14 7 9 3 0 0 0 1 0 0 75 34 37 91.9
Pan 2 15 9 I 2 1 0 0 0 0 0 49 28 30 93.3
4 Container 0 12 13 2 2 I 0 1 1 0 0 72 32 32 100
Pan 1 5 5 3 2 1 1 0 0 0 0 43 17 18 94.4
5 Container 0 9 9 6 1 2 0 0 0 0 0 59 27 27 100
Trial II
Pan 4 11 7 1 0 1 0 0 0 0 0 33 20 24 83.3
6 Container 0 0 3 5 8 7 4 5 2 4 0 199 38 38 100
Pan 3 19 11 12 1 1 0 0 0 0 0 86 44 47 93.6
7 Container 2 6 4 11 5 3 1 2 3 0 3 162 38 40 95.0
Pan 1 12 15 8 5 3 1 0 0 0 0 107 44 45 97.8
Total Container 6 66 50 46 23 14 5 8 7 4 3 680 226 232 97.4
Pan 17 88 70 38 15 9 3 0 0 0 0 465 223 240 92.9
—  Nematode to host innoculation ratio of 10:1.
'j
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Appendix Table 34. Analyses of variance evaluating the efficacy of
Romanomermis culicivorax to parasitize Culex 
quinquefasciatus larvae in bioassay containers.— ^
Source df MS F
With float bottles
Replication 9 108.3301 4.68*
Container vs Pan 1 357.0125 15.44**
Error 9 23.1247
Without float bottles
Replication 6 9.1129 0.42
Container vs Pan 1 97.2579 4.49
Error 6 21.6829
* P<0.05; ** P<0.01.
Appendix Table 35. Parasitism of Culex qulnquefasclatus larvae by preparasites of Romanomennis cullcivorax
hatched from eggs deposited at various depths in a Louisiana riceland soil, 1982,— ^
Section
Soil depth Humber of nematodes per infected mosquito larvae Non- %
core (cm) 0 1 2 3 4 5 6  7+ Infected Infected Total Parasitism
2 2 21 29 20 12 7 4 0 2 93 95 97.9
4 107 0 0 0 0 0 0 0 107 0 107 06 85 4 0 0 0 0 0 0 85 4 89 4.58 97 0 0 0 0 0 0 0 97 0 97 010 106 0 0 0 0 0 0 0 106 0 106 0
15 94 0 0 0 0 0 0 0 94 0 94 020 114 0 0 0 0 0 0 0 114 0 114 0
25 95 0 0 0 0 0 0 0 95 0 95 0
2 76 31 3 0 0 0 0 0 76 34 110 30.9
4 112 0 0 0 0 0 0 0 112 0 112 0
6 118 0 0 0 0 0 0 0 118 0 118 08 113 0 0 0 0 0 0 0 113 0 113 010 116 0 0 0 0 0 0 0 116 0 116 0
15 106 0 0 0 0 0 0 0 106 0 106 020 122 0 0 0 0 0 0 0 122 0 122 0
25 94 0 0 0 0 0 0 0 94 0 94 0
2 10 35 27 10 7 1 1 0 10 81 91 89.0
4 102 0 0 0 0 0 0 0 102 0 102 0
6 93 I 0 0 0 0 0 0 93 1 94 1.1
8 102 0 0 0 0 0 0 0 102 0 102 0
10 105 0 0 0 0 0 0 0 105 0 105 0
15 107 0 0 0 0 0 0 0 ‘ 107 0 107 0
20 103 0 0 0 0 0 0 0 103 0 103 0
25 100 0 0 0 0 0 0 0 100 0 100 0
2 30 55 21 4 1 0 0 0 30 81 111 73.0
4 110 0 0 0 0 0 0 0 110 0 110 0
6 109 0 0 0 0 0 0 0 109 0 109 0
8 117 0 0 0 0 0 0 0 117 0 117 0
4>-VO
Appendix Table 35. (Continued)
Section
Soil depth Number of nematodes per infected mosquito larvae Non- X
core (cm) 0 1 2 3 4 5 6  7+ Infected Infected Total Parasitism
10 101 0 0 0 0 0 0 0 101 0 101 0
15 98 0 0 0 0 0 0 0 98 0 98 0
20 97 0 0 0 0 0 0 0 97 0 97 0
25 115 0 0 0 0 0 0 0 115 0 115 0
2 0 5 8 15 16 19 2 10 0 75 75 100.0
4 52 28 3 0 0 0 0 0 52 31 83 37.4
6 127 1 0 0 0 0 0 0 127 1 128 0.8
8 117 0 0 0 0 0 0 0 117 0 117 0
10 113 0 0 0 0 0 0 0 113 0 113 0
15 131 0 0 0 0 0 0 0 131 0 131 0
20 100 0 0 0 0 0 0 0 100 0 100 0
25 97 0 0 0 0 0 0 0 97 0 97 0
—  Soils cores previously inoculated with 200 (100?9;100<t<f) postparasites, were cut into 2 or 5 cm sections, 
flooded, and 100 first instar Cx. quinquefasclatus were added.
Appendix Table 36. Recovery of Romanomenais cullclvorax ac various






Females Hales Females Hales Females Hales
I 2 2 3A 0 0 1 2
A A 0 1 1 4 16 0 0 - - 1 08 0 1 - - 0 010 0 0 0 0 0 0
15 0 0 - - 0 020 - - - _ _
25 0 0 - - - -
II 2 _ _ 3 3 _
4 0 0 8 28 -
6 0 0 0 0 0 08 0 0 - 0 010 0 0 - - _ _
15 0 0 - - —
20 0 0 - _ _
25 - - - - - -
III 2 0 0 0 0 0 0
A 0 0 1 0 -
6 0 0 2 5 0 0
a 0 0 0 1 -10 0 0 - _ _
15 0 0 - - _ _
20 0 0 - -
25 0 0 - - -
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Appendix Table 36. (Continued)
Soil Section _______ WK1  WK2  HK3
core depth(cm) Females Males Females Males Females Males
2 12 31 1 0 0 0
4 5 3 1 0 0 0
6 0 0 2 7 0 0
8 0 0 I 2 0 0
10 0 0 0 0 - -
15 0 0 - 0 0
20 0 0 - - - -
25 0 0 - - - -
—  Soil cores previously inoculated with 200 (100SS: 100*0 postparasites 
and were cut into 2 or 5 cm sections.
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